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ABSTRACT 
The concept of desertification is generally associated with the 
expansion of desert like conditions towards the desert fringe or semi-arid 
lands. Desert is generally acknowledged as an expanse of sand dunes. 
Desertification, however, is more than this apparent state of the 
environment. It is an endemic state of the weakening of natural life 
support systems or ecosystems in the vulnerable areas. Desertification is a 
long term decline in the land's biological production potential. As the 
problem of desertification is of serious dimension, a precise academic 
understanding of desertification is complex and needs serious enquiry. 
The hot, dry, continentality striken study region of western Rajasthan 
covers an area of 2,08,751 square kilometers in a latitudinal extent from 
24°40' to 30°12'N and its longitudinal extent covers areas between 69°3r 
and 76°0'E. It comprises twelve districts of Rajasthan viz. Barmer, 
Bikaner, Churu, Ganganagar, Hanumangarh, Jaisalmer, Jalore, Jhunjhunu, 
Jodhpur, Nagaur, Pali and Sikar. These districts comprise seventy three 
tehsils of western Rajasthan. These unit areas encompass nearly 61 per 
cent of the area of the state which is endemic to desertification by 
different measure, endangering the sustainability of over twenty million 
human population and a still larger livestock population. 
Climatologically western Rajasthan lies in the region of the dry, 
subsiding airmasses of sub-tropical anticyclones. These stable and 
diverging airmasses generate conditions unfavourable for the development 
of convectional showers inspite of the great heat. Western Rajasthan is a 
part of the Great Indian or the 'Thar Desert' a true desert having its origin 
due to a marked climatic oscillation during the Pleistocene period. 
The arid lands of western Rajasthan are characterised by the scarcity 
of water, vegetation, and fragility of the soil. A suitable land utilization to 
feed the increasing population will depend on how efficiently we manage 
the land and water resources without reducing the biological production 
potential of the land. It has been estimated that in more than one-third of 
this area the process of desertification has intensified in recent decades. 
According to an estimate available (UNCOD, 1977) desertification 
threatens the future of more than 785 million people, or 17.7 per cent of 
the world's population who live in these drylands. Of this number, 
between 60 and 100 million people are affected directly by decrease in 
productivity associated with current desertification processes. It is also 
estimated that between 50,000 and 70,000 square kilometers of arable 
lands are rendered out of production every year through desertification. 
According to UNEP's concept, desertification derives from 
interaction of human population with environment in the arid, semi-arid 
and sub-humid areas. It implies impoverishment of arid, semi-arid and 
some sub-humid ecosystems by the combined impact of man's activities 
and the drought. While drought conditions are reversible this degradation 
can easily become irreversible, and can permanently reduce the capacity 
of the area to human life support system. This situation calls for a constant 
monitoring and management of the land resources against the forces of 
degradation or desertification. 
Research enquiries on desertification in India were initiated in the 
wake of the alarm raised in 1952 at the National symposium on the 
Rajputana Desert by the Indian National Science Academy in which few 
studies raised an alarm that the Thar Desert is expanding through the 
twelve gaps in the Aravallis mountains towards the fertile Gangetic plains 
in the east at the rate of half a mile per year and that the eastern frontier is 
highly vulnerable to desertification hazards. 
The present study of Regional Evaluation of Desertification Hazards 
in the Arid lands of western Rajasthan is an attempt to assess the inherent 
vulnerability of the land to various processes of desertification. The 
problems of desertification have been examined through several groups of 
indicators like the Meteorological, Topographical, Hydrographic, Edaphic, 
Biotic, Anthropogenic and the land use/land cover. All available results 
suggest that the Rajasthan desert, has not been and is not advancing 
towards the east but that a fresh sand deposition is still going on towards 
the west, the desertic conditions have further deteriorated in the recent 
past. The inherent vulnerability of the land and intense biotic pressure 
combined to set in a process of deterioration within the desert. 
The main objective of the study is to enquire the processes of 
desertification hazards in operation in the dry lands of western Rajasthan. 
It attempts to identify and measure the various indicators of desertification 
in their spatial context and the relative vulnerability of land to 
desertification. 
The objectives of the enquiry which need serious consideration are: 
The present study is aimed to evaluate the desertification 
vulnerability with regard to its intensity, magnitude, causes and ill-effects. 
To assess the existing resources their present use and resource 
potential in the arid zone for their rational utilization. To analyse the 
human factor in the process of desertification, and to examine the role of 
livestock composition in causing desertification hazards. 
The study was initiated to verify the following scientific assumptions 
and the departures from them in a spatial perspective. 
(i) The relationship between the environmental fragility and the intensity 
of desertification hazards. 
(ii) The inverse relationship between the amount of rainfall and the 
vulnerability to desertification. 
(iii) A linear relationship between the rainfall variability and the 
environmental susceptibility to degradation. 
(iv) It has been hypothesized that the areas of coarse sandy soils are 
immediately liable to deterioration and decay under the aeolian 
agencies. Similarly, the areas possessing soils of high organic matter 
and deeper soil profiles are less susceptible to denudation. 
(v) It has also been hypothesized that the areas of better vegetative 
indices are more resistant to degradation. 
(vi) The biotic interferences and desertification hazards appear to have a 
positive correlation. 
(vii) More importantly, there should have been a strong association 
between the demographic structure, land use/land cover scenario and 
the intensity of desertification. 
(viii) Whether desertification hazards are proportionate to the pressure of 
livestock and the human population. 
(ix) Whether desertification is more akin to the dry farming practices or 
to the irrigation ecology. 
(x) To trace an association between marginalization, shrinking culturable 
wastes and the propensity to desertification. 
(xi) To enquire on association between the size of operational land 
holdings and the possibility of desertification. 
The present study is based on published and unpublished as well as 
primary and the secondary data of 1981 and 1995 for the land-use 
analysis. In case of meteorological analysis data has been used for the 
period ranging from 1901-1980 (depending upon the data availability) for 
the twelve districts which comprise seventy three tehsils. The available 
meteorological data was obtained from the India Meteorological 
Department at Pune. Records of daily weather phenomena from the 
meteorological stations were assembled. Apart from this the 
meteorological data was also obtained from the Head Quarters of India 
Meteorological Department, New Delhi and Central Arid Zone Research 
Institute (CAZRI) at Jodhpur for the subsequent years. 
Various other indicators of the study like population characteristics, 
livestock numbers, land use/land cover situation and the data of water 
resources were obtained from the district census hand books of western 
Rajasthan for the year 1981 and 1995. Beside this, various reports, maps, 
research papers, books, monograph and various other useful informations, 
published and unpublished material have been collected from different 
agencies. Field surveys were conducted to ascertain the erosional hazards 
and the inherent soil vulnerability. 
Simple statistical methods have been employed in data processing. 
The investigation has been conducted at tehsil level. The essential data 
have been collected from a wide range of sources. The available data has 
been analysed to evaluate the desertification hazards at different levels. 
Meteorological data which include rainfall distribution, rainfall variability, 
mean annual aridity indices, drought intensity regions and wind velocity 
have been analysed. Aridity indices have been computed on 
Thornthwaite's method. The maps of rainfall distribution and rainfall 
variability have been computed on the basis of severity of climate and the 
meteorological gradient. Eighty one unit areas have been examined in 
order to demonstrate the meteorological influence. Eight sub-unit areas of 
district Jaisalmer alone have been meteorologically analysed on the basis 
of grid method in order to understand the influence of different 
meteorological stations in the area. 
The data of all the indicators has been analysed by assigning ranking 
levels. The available data has been arranged in descending order and 
divided into five groups i.e. very high, high, medium, low and very low to 
assess the nature of problem and pressure of these elements on land. Data 
of each desertification indicator were processed and mapped. In order to 
arrive at a composite figure of desertification hazards, vulnerability 
rankings were cumulated. Lowest ranking was assigned a vulnerability 
value of 1, likewise every indicators in its place of highest vulnerability 
was accorded a weightage of 5 on the ranking scale. It has been 
hypothesized that Ibwer the amount of rainfall in a unit area, higher is the 
vulnerability to desertification and higher the rainfall variability 
proportionately higher is the desertification risk. It is envisaged that higher 
the fragility and instability in an area greater is its liability to 
desertification. Besides this, the decadal growth technique of per cent 
variation has also been used. By the statistical techniques co-efficient of 
variability (C.V.) of rainfall has been analysed on annual basis for all the 
study units of western Rajasthan for the period of 1901-1980 using -
Mean (x) = X/N 
Standard Deviation (S.D.) = [(X-X)^] / N 
Co-efficient of variability (C.V.) = (S.D./X) x 100 
X average (^alue of the variate and N is number of observations. 
An attempt has been made to measure the intensity of vulnerability to 
desertification through meteorological, hydrographic, biotic, 
anthropogenic and landuse/land cover indicators. By the synthesis of all 
these indicators a cumulative view of vulnerability to desertification were 
mapped. Moreover, desertification combat plan and strategies have also 
been suggested. 
The analysis of meteorological indicators revealed that the average 
distribution of rainfall is inadequate by varying degree in different parts 
of the region to render the westward land increasingly vulnerable to 
desertification. There is an inverse relationship between the distribution of 
rainfall and vulnerability to desertification. There is a positive correlation 
between rainfall variability and vulnerability to desertification hazards. 
A positive correlation was found between Aridity Indices and drought 
intensity with susceptibility to desertification. Besides, the water 
availability periods also reveal a large deficit in western districts which 
contributes to the fragility of the ecosystem. 
In western Rajasthan salinity hazards were also found dominant at 
different tehsils and these areas have high to very high risk of degradation 
of the land. 
The hydrographic indicators in the study area revealed that Thar 
Desert is facing an acute water deficiency. The western tehsils of the study 
area have great need of water harvesting to support and subsist the water 
inadequacy of the weak natural ecosystem. An indicator of ground water 
depth at different unit areas shows that the occurrence of brakish water is 
relatively high in shallower wells as compared with the moderate to very 
deep wells. Most of the deep wells of permanent water table were found 
in western part of the study area as compared to eastern fronts. Whereas, 
few areas like Ganganagar and Hanumangarh run a higher risk of its own 
situation like water-logging, salinity, alkalinity, over-cultivation as well as 
marginalisation. Therefore, most of the tehsils in western Rajasthan have 
higher vulnerability to desertification. 
The quality of ground water in western Rajasthan deteriorates with 
the decrease in precipitation towards northwest. Ground water in the study 
area is inherited by the diversity of quality problems. The depletion of 
water in western tehsils is also triggering the desertification processes. 
Soil profiles in the study area are not very deep except along the 
buried palaeo-channels. Shallow soil depth renders them highly 
susceptible to deflation as well as fluvial erosion. Thin soil cover has 
shown quick erosion losses on the steeper slopes in the eastern parts of 
the study area. Organic matter on the soil helps in binding the soil 
together. Most of the western margin have very low humus levels. 
Therefore, these areas are more vulnerable to desertification as compared 
to unit areas which have relatively higher humus levels on the eastern 
margins. Nitrogen in the soils of the desert holds a positive relationship 
with the incidence of rainfall and negative relationship with the thermal 
regime. Correlation has also been noted between nitrogen contents and 
seem to be less vulnerable to desertification hazards. 
The coarse sandy structureless soils are highly vulnerable to aeolian 
agencies of erosion. Most of the soils in western Rajasthan are aeolian in 
nature with coarse texture and weak structure which renders them highly 
vulnerable to desertification hazards. 
The calcium concretion layers are more commonly found in the drier 
and arid areas towards the western margin of the study area. In this 
category also, the soils of western Rajasthan have a higher risk to 
desertification. The phosphorus reserves are generally depleted in the arid 
soils of the western margin. Presence of phosphate gives strength to the 
soils. So there would be high risk of vulnerability to desertification. 
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The problem of salinity holds a concurrence with the aridity index. 
As the aridity increases west ward salinity also increases. This renders the 
soils highly vulnerable to desertification. In the western tehsils of western 
Rajasthan the microbial environment is very poor which renders the soil 
unproductive. Micro-organism help in the breakdown and decomposition 
of organic residues and build up of soil humus. In Barmer, Bikaner, Churu 
and western parts of Jodhpur the loose structureless sandy soils have 
excessive aeration and limited moisture. In these areas thermal regime is 
intolerable. Consequently, the microbial activity is very poor. The soils 
remain non-cohesive and can easily be degenerated. Soil erodibility 
depends upon the inherent soil characteristics such as texture, structure, 
organic matter concentration and crust formation. Areas of sandy soils 
have high basic erodibility in western Rajasthan. 
The depletion of vegetation cover and plant varieties indicates higher 
susceptibility to degradation. A negative correlation was found between 
the plant cover and vulnerability to desertification. Most of the tehsils of 
the study area have reported very low percentage of vegetative cover. 
Therefore, these areas have high to very high vulnerability to 
desertification. 
The stress of livestock population on pasture lands indicates that the 
lower density of livestock on the western front does not mean the lower 
vulnerability but risk is higher due to very poor grazing potential. The 
western frontier of the study area also reported high variation in livestock 
population. This also has a positive correlation with desertification 
hazards. 
The tehsilwise break-up of the landuse/land cover data during 1981-
1995 have been analysed. These landuse figures reveal the regional 
disparities and vulnerability levels within desert. 
The maximum percentage under the category of uncultivable lands 
have positive correlation with vulnerability to desertification. High to very 
high decrease in area of uncultivable land shows that such areas have 
largely gone to the expansion of an irrigation. This also indicates that the 
landuse pressure is encroaching upon less suitable areas. The positive 
growth of uncultivable land shows adverse land use practices and poor 
resource management. 
Most of the western tehsils have reported higher percentage of 
culturable wasteland. In this category, the hypothesis was that if the extent 
of culturable wastes has decreased it suggests the corresponding sign of 
marginalization. It shows that the land use pressure is growing on the 
already weak and fragile ecosystems which is again an indication of 
desertification. An increased area of culturable wasteland at different unit 
areas is suggestive of the situation where some dry farming areas have 
become economically redundant due to rising costs and uncertainties in 
competition with the remunerative irrigated areas which are more stable in 
the vicinity of the rainfed areas. Such redundant dry farming areas may 
have been reduced to culturable wastelands. 
Fallowing is largely associated with dry farming practices, a decrease 
in fallow land is a reflection of adverse land management. The decrease in 
fallow land associated with irrigation farming would have been an 
indicator of improved land management. It was hypothesised that a 
decreased in hectarage of fallow land is suggestive of marginalisation and 
therefore, it is an important indicator of land degradation. A positive 
growth of hectarage under this category shows the degradation of the land. 
Hectarage change in Net Sown Area indicates an inverse relationship with 
degradation of the land. In monoculture areas, where human control is less 
the risk to desertification is more. In the areas of positive growth of Net 
Sown Area overcultivation is dominant on the land of weak and fragile 
environment, the risk of vulnerability is more. 
In double cropped, irrigated areas human control is of higher order, 
the areas are scarcely left unattended to the vagaries of nature. Therefore, 
the vulnerability to desertification would be marginal in such areas. In 
double cropped areas the size of land holdings is generally smaller. In 
smaller size of land holdings, very little land is left unattended or fallow. 
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Thus the land is more actively under human control. This situation makes 
the land scarcely liable to desertification. 
A decreased hectarage in the grazing and pasture land is a clear sign 
of biotic pressure. It suggests that due to negative growth in the grazing 
and pasture land the livestock pressure would squarely increase (if coupled 
with the increase in livestock population). On the otherhand positive 
growth of an area provides more opportunity for grazing and covers larger 
area. There is a positive correlation with vulnerability to desertification 
hazards. 
Positive growth of Irrigated area is generally seen in good rainfall 
areas or along the Indira Gandhi Canal Command Area. In these areas, 
there is a sign of amelioration as well as deterioration of the land. In few 
areas there is risk of waterlogging, salinity and alkalinity so, again risk of 
desertification is higher. 
Hectarage change in dryland farming has been analysed through the 
growth on net sown area and the hectarage change in the area sown more 
than once. In the areas of monocultural activities where human control is 
less the risk of desertification is high. In double cropped Irrigated areas 
where human control is of higher order, the vulnerability to desertification 
would be marginal in such areas. 
The increasing human population is a serious threat, particularly on 
the meagre vegetal resources of the arid lands. The trees and shrubs and 
even their roots are indiscriminately cut by the rural population for 
domestic fuel. Thus, rendering the land vulnerable to erosion and 
degradation. 
Population distribution and density give an important insight in 
understanding the man-land ratio and the human resource availability. The 
high population density also leads to cultivation on the marginal lands 
which decline in crop productivity per unit area. The very low population 
density has also been a cause of desertification because land is not 
adequately taken care of in the year of natural calamity. Due to the paucity 
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of human resources. The protection and rehabilitation of the lands 
becomes difficult in the years of severe droughts. In both extreme cases, 
the susceptibility of land towards the desertification would be higher. A 
population growth on fragile ecosystem is also a serious problem. Most of 
the western tehsils reported very high growth rate of population which is 
more than a match to the sustainability of the land. 
An indicator of sex-ratio in western Rajasthan shows that the areas 
are economically under developed because most of the male population 
emigrates to the urbanised areas. Hence, its ratio decreases. An indicator 
of rural and urban population includes a peculiar feature with respect to 
population density, degree of ethnic and cultural diversity and occupation 
and social stability. It has been analysed that nature of social group is 
totally different in the rural and urban areas of the region. 
Occupational structure is also an important indicator to measure the 
economic workforce in the study area. Most of the western tehsils shows 
higher percentage in primary occupation which reveals that region's 
economy is rural oriented and largely depends on agriculture and 
pastoralism. Pastoralism is the dominant activity in those places where the 
land is not available for farming and water-scarcity is very severe. 
An indicator of work participations is very helpful to measure the 
dependency ratio. Most of the western units reported very high 
dependency ratio. Higher the dependency ratio higher is the vulnerability 
to desertification. 
Lastly, the cumulative map of vulnerability to desertification hazards 
by the summation of all the indicators of natural and human environments 
gave a composite impression of regional vulnerability to desertification. 
In the ultimate analysis, the study reveals that the inherent 
vulnerability of land to desertification is very high to high along the 
western front in the districts of Jaisalmer, Barmer, Bikaner and a few 
tehsils of district Churu, as against the popular notion of higher 
desertification risk along the twelve gaps of Aravallis in the east. Medium 
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vulnerability is noticeable in few tehsils of Ganganagar and Hanumangarh, 
parts of Barmer, Churu, Nagaur and Jalore. Relatively lower vulnerability 
to desertification could be ascribed to parts of Jhunjhunu, Sikar, Nagaur in 
the north east. It has been found that the western tehsils run a much higher 
risk of desertification as compared to the eastern realm. 
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Introduction 
The hot, dry, continentality striken region of western Rajasthan 
covers an area of 2,08,751 square kilometers in a latitudinal extent from 
20"40' to 30°12'N and its longitudinal extent covers areas between 69°3r 
and 76°0'E. It comprises twelve districts of Rajasthan viz. Barmer, 
Bikaner, Churu, Ganganagar, Hanumangarh, Jaisalmer, Jalore, Jhunjhunu, 
Jodhpur, Nagaur, Pali and Sikar. These districts comprises seventy three 
tehsils of western Rajasthan. These units encompass nearly 61 per cent of 
the area of the state which is endemic to desertification by different 
measure, endangering the sustainability of over twenty million human 
population and a still larger livestock population. Climatologically 
Western Rajasthan lies in the region of the dry, subsiding airmasses of sub-
tropical anticyclones. These stable and diverging airmasses generate 
conditions unfavourable for the development of convectional showers 
inspite of the great heat. 
Desertification commonly appears as degradation of plant, animal, 
soil and water resources and general loss of biological productivity in 
areas under ecological stress. According to UNEP's concept, 
desertification derives from interaction of human adoptation on 
environment in the arid, semi-arid and sub-humid areas. It implies 
impoverishment of arid, semi-arid and sub-humid ecosystems by the 
combined impact of mans activities and the drought. This degradation can 
easily become irreversible, and can permanently reduce the capacity of the 
area to human life support system. 
Western Rajasthan is a part of the Great Indian or the Thar Desert, a 
true desert having its origin due to climatic oscillations durng the 
Pleistocene. The problems of desertification have been examined through 
several groups of indicators like Meteorological, Topographical, 
Hydrographic, Edaphic, Biotic, Anthropogenic and the Landuse/land 
cover. All available results suggest that the Rajasthan Desert, has not been 
and is not advancing towards the east but that a fresh sand deposition is 
still going on towards the west, the desertic conditions have further 
deteriorated in the recent past. The inherent vulnerability of the land and 
intense biotic pressure have combined to set in a process of deterioration 
within the desert. 
It has been estimated that more than one-third of the earth's land 
areas is arid and in this area the process of desertification has intensified 
in recent decades. According to estimates available (UNCOD, 1977) 
desertification threatens the future of more than 785 million people, or 
17.7 per cent of the world's population who live in these drylands. Of this 
number, between 60 and 100 million people are affected directly by 
decrease in productivity associated with current desertification processes. 
It is also estimated that between 50,000 and 70,000 square kilometers of 
arable land are rendered out of production every year, through 
desertification. Its effect was realised during the calamity occurred in 
Sahelian region in 1968-73 in Sub-Saharan Africa. Its tragic effect on the 
people of that region drew world attention to the chronic problems of 
human survival and development on the desert margins. According to 
report of ICAR (Indian Council of Agricultural Research) 187.7 Mha 
(57.1% of the geographical area of India) has been affected by various 
types and degrees of land degradation. However, the impact of 
desertification is more severe and distinct in arid regions due to their 
inherent morphological vulnerability and climatic severity. 
i) Statement of the Problem 
The arid lands of western Rajasthan are characterised by scarcity o[ 
water, vegetation and fragility of the soil. A suitable land utilization to 
feed the increasing population will depend on how efficiently we manage 
the land and water resources without reducing the biological production 
potential of the land. This situation calls for a constant monitoring and 
management of the land resources against the forces of degradation or 
desertification of the heartland as well as the fringe areas of the Indian 
Desert. Research enquiries on desertification in India were initiated in the 
wake of the alarm raised in 1952 at the National symposium on the 
Rajputana Desert by the Indian National Science Academy in which few 
studies raised an alarm that Thar Desert is expanding through the twelve 
gaps in the Aravallis mountains towards the fertile Gangetic plains in the 
east at the rate of half a mile per year and that the eastern frontier is highly 
vulnerable to desertification hazards. Due to the multiplicity of uses, the 
pressure on the available land resources is increasing and the sustainability 
of the land is depleting. Some of the western most districts of the region 
like Barmer, Bikaner, Jaisalmer, Jodhpur and Ganganagar have registered 
such a high growth of population that the man-land imbalance has become 
very apparent. Not only the human population has increased but the 
livestock population has also considerably grown to render an additional 
pressure on the already low grade of rangelands. In order to meet the 
growing requirements of food, feed and fodder there is an urgent need to 
arrest the land degradation and ameliorate the biotic production potential 
of the land. Combating the desertification calls for several kinds of 
restorative actions in the arid, semi-arid and sub-humid areas. 
The present study of Regional Evaluation of Desertification Hazards 
in the Arid lands of Western Rajasthan has been attempted to assess the 
inherent vulnerability of the land to various processes of desertification. 
The processes of degeneration engage the landforms, climate, soil, water 
flora and fauna. 
The phenomenon of desertification has been subjected to 
considerable debate, misinterpretation and lack of clarity regarding its 
characteristics and occurrence. Still, however, there is a growing need for 
a clear understanding of desertification amongst the commons, academics, 
environmentalist, planners, politicians and the NGOs. 
In common parlance, desertification is generally understood as an 
expansion of desert like conditions towards the fringe or non-desertic 
areas. In the academic parlance (UNCOD, 1977) defined desertification as 
an aspect of widespread deterioration of ecosystems under the combined 
pressure of fluctuating climate and excessive exploitation implicitly 
restricted to dry areas. Over a hundred definitions of desertification have 
been crafted. Many of them are the narration of the same thing in other 
words. However, United Nations Conference on Desertification in 1977, 
Grainger (1990) and UNEP (1992) have applied desertification to the 
aspect of environmental degradation in the world's drylands. 
'fhe earliest action towards desert management by the Government of 
India was the establishment of a Desert Afforestation Research Station at 
Jodhpur, Rajasthan in 1952, for the afforestation and forestry extension. 
With the inclusion of the soil conservation programme in 1957, the station 
was renamed the Desert Afforestation and soil conservation station and 
entrusted with carrying out research on fastering crop husbandary and 
grasslands. In 1959, the research station was upgraded and renamed as the 
Central Arid Zone Research Institute (CAZRI), with a wider task of 
carrying out basic and applied research for the protection and development 
of the arid areas of the country. 
This study has been attempted on the data base of seventy three 
tehsils of western Rajasthan. In this study an attempt has been made to 
estimate the geographical dimension of the weakening of the natural life 
support systems and varying degree of vulnerability to desertification 
hazards in western Rajasthan. 
ii) Aims and Objectives of the Study 
The aims and objectives of this research are to identify the location 
and distribution of the problem of desertification and the seasons of such 
a distribution pattern. It also aims to prepare a spatial inventory of the 
physical, biotic and human resource base, environmental constraints and 
degradational vulnerability. It also aims to obtain an integrated appraisal 
of the demographic conditions, land cover and land use practices so as to 
propose an effective scheme of land management and combating the 
desertification hazards. The main objective of the study is to enquire the 
processes of desertification hazards in operation in the drylands of western 
Rajasthan. It attempts to identify and measure the various indicators of 
desertification in their spatial context, and the relative vulnerability of 
land to desertification. 
The objectives of the enquiry which need serious consideration are: 
1. To evaluate the desertification vulnerability with regard to its 
intensity, magnitude, causes and ill-effects. 
2. To assess the existing resources their present use and the resource 
potential in the arid zone for their rational utilization. 
3. To assess the human factor in the processes of desertification. 
4. To assess the role of livestock composition in causing desertification 
hazards. 
iii) Research Hypotheses 
The study was initiated to verify the following scientific assumptions 
and the departures from them in a spatial perspective. 
1. The relationship between the environmental fragility and the intensity 
of desertification hazards. 
2. The inverse relationship between the amount of rainfall and the 
vulnerability to desertification. 
3. A linear relationship between the rainfall variability and the 
environmental susceptibility to degradation. 
4. It has been hypothesized that the areas of coarse sandy soils are 
immediately liable to deterioration and decay under the aeolian 
agencies. Similarly, the areas of possessing soils of high organic 
matter and deeper soil profiles are less susceptible to denudation. 
5. It has also been hypothesized that the areas of better vegetative 
indices are more resistant to degradation. 
6. The biotic interference and desertification hazards appear to have a 
positive correlation. 
7. More importantly, there should have been a strong association 
between the demographic structure, land use/land cover scenario and 
the intensity of desertification. 
8. Whether desertification hazards are proportionate to the pressure of 
livestock and the human population. 
9. Whether desertification is more akin to the dry farming practices or 
the irrigation ecology. 
10. To trace and association between marginalisation, shrinking 
culturable wastes and the propensity to desertification. 
11. To an enquire an association between the size of operational land 
holdings and the possibility of desertification. 
iv) Data Base 
The present study is based on the published and unpublished as well 
as primary and the secondary data of 1981 and 1995 for the land use 
analysis. In case of meteorological analysis data has been used for the 
period ranging from 1901-1980 (depending upon the data availability) for 
the twelve districts which comprise seventy three tehsils. The available 
meteorological data was obtained from the India Meteorological 
Department at Pune. Records of daily weather phenomena from the 
meteorological stations were assembled. Apart from this the 
meteorological data was also obtained from the Head Quarters of India 
Meteorological Department, New Delhi and Central Arid Zone Research 
Institute (CAZRI) at Jodhpur for the subsequent years. 
Various other Indicators of the study like population characteristics, 
livestock numbers, land use/land cover resources were obtained from the 
district census hand books of western Rajasthan for the year 1981 and 
1995. The data of livestock resources was obtained from the Directorate 
of Animal Husbandary, Jaipur for a period of 1983-1995. The data of land 
use/land cover was obtained from the district census handbooks of western 
Rajasthan for the year 1981 and 1995. 
The data of water resources was obtained from the Ground Water 
Department, CAZRI, Jodhpur. Besides this, various reports, maps, 
research papers, books, monograph and various other useful informations, 
published and unpublished material have been collected from different 
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agencies. Field surveys were conducted to ascertain the erosional hazards 
and the inherent soil vulnerability. 
v) Reserach Methodology 
Simple statistical methods have been employed in data processing. 
The investigation has been conducted at tehsil level. The essential data 
have been collected from a wide range of sources. The available data has 
been analysed to evaluate the desertification hazards at different levels. 
Meteorological data which include Rainfall distribution, Rainfall 
variability, Mean Annual Aridity Indices, Drought Intensity Regions and 
wind velocity have been analysed. Aridity Indices have been computed on 
Thornthwaite's method. The maps of Rainfall distribution and Rainfall 
variability have been computed on the basis of severity of climate and the 
meteorological gradient. Eighty one unit areas have been examined in 
order to demonstrate the meteorological influences. Eight sub-unit areas of 
district Jaisalmer have been meteorologically analysed on the basis of grid 
method in order to understand influence of different meteorological 
stations in the areas. Besides this, wind speed and evaporation conditions 
have been examined in order to assess the weather severity. Under the 
topographical indicators fragility of the area has been ascertained. Human 
and Biological parameters have also been used like pressure of population 
on land, variation in livestock population on land etc. Apart from this, data 
of social Indicators has also been collected to assess to impact on 
desertification hazards in western Rajasthan. 
The data of all the Indicators has been analysed by assigning ranking 
levels. The available data has been arranged in descending order and 
divided into five groups i.e. Very high, High, Medium, Low and Very low 
to assess the nature of problem and pressure of these elements on land. 
Data of each desertification Indicator were processed and mapped. In order 
to arrive at a composite figure of desertification hazards, vulnerability 
ranking were cumulated. Lowest ranking was assinged a vulnerability 
value of 1, likewise every Indicator in its place of highest vulnerability 
was accorded a value of 5 on the ranking scale. It has been hypothesized 
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that lower the amount of rainfall in an unit area, higher is the vulnerability 
to desertification and higher the rainfall variability proportionately higher 
is the desertification risk. It is envisaged that higher the fragility and 
instability in an area greater is its liability to desertification. Besides this, 
the decadal growth technique of per cent variation has also been used. 
By the statistical techniques co-efficient of varability (c.v.) of rainfall 
has been calculated on annual basis for all the study units of western 
Rajasthan for the perod of 1901 to 1980 using. 
Mean (x) = X/N 
Standard Deviation (S.D.) = (X-X)/N]2 
co-efficient of variability (C.V.) = (S.D./X) x 100 
Where X is the value of variate, X average value of the variate and N 
is number of observations. The normal annual rainfall distribution and its 
co-efficient of variability have been calculated which inferred that rainfall 
decreases in the region from east to west whereas co-efficient of rainfall 
variability increases from east to west. 
vi) Organisation of the Work 
Present work starts with an Introduction and spread over ten chapters. 
Finally a brief Conclusion based on the findings of the research work has 
been given. 
Chapter-I deals with the conceptual framework to understand the 
origin and History of Rajasthan Desert, Meaning and Definition of Desert, 
Concept of Aridity, Concept of Drought and the Concept of Desertification 
and Desertization. A fairly detailed enquiry has been made to perceive 
nature of the problem of the study area. 
Chapter-II deals with the survey on the nature of work done by other 
scholars with special reference to several Indicators which tend to 
accentuate desertification hazards. Survey of literature plays a crucial role 
in research because it helps the specific research in designing the research 
plan to further advance the knowledge on that particular issue under study. 
The present study has been conducted on the related theme through 
Journals, proceedings of the conferences and reference books of national 
and International standards. 
Chatper-III deals with the physical setting of the study area to 
understand the geographical personality of the study area with special 
emphasis on Geomorphic features, soil potentials, Drainage Network and 
Ground water and Natural Vegetation status. The whole chapter is 
illustrated with suitable maps. 
Chapter-IV explains the meteorological personality of the study area 
such as Distribution of Rainfall, Rainfall Variability, Thermal Regime, 
Relative Humidity, Wind Velocity, Evaporation Conditions, Drought 
Pattern and the Flash floods. An attempt has been made to measure the 
meteorological domain of the stations in Jaisalmer district and effect of 
these climatic factors on natural ecosystems. The whole chapter is 
illustrated with suitable maps and tables. 
Chatpter-V presents a detailed account of Bio-Physical Resource 
Base of the study area. It is divided into three Sections. Section A deals 
the Indicators of Natural Resources like Forest and Grass cover, Barren 
and Uncultivated lands and Rangelands. An attemp has been made to 
evaluate the potentiality of the region. Section B is devoted to livestock 
Resources. In this category distribution and density of livestock 
population, variation in livestock population their mobility and migration 
have been discussed. Section C takes on a detailed account of Indicators 
of Human Resource base like population distribution, density and growth, 
sex-composition, literacy rates. Rural-urban composition, occupational 
structure and work participation. 
Chapter-VI deals with land-use scenario in the study area by taking 
on indicators of Net Sown Area, Fallow Land, Culturable Waste Land, 
Rainfed and Irrigated lands which display ground reality and potentiality 
of the study area. 
Chapter-VII deals with the results and findings of vulnerability of 
land to desertification. An attempt has been made to examine the 
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Environmental Indicators like Meteorological, Topographical, 
Hydrographic, Edaphic and Biotic and its varying degree of environmental 
vulnerability to desertification in its regional frame. 
Chapter-VIlI devoted to a detailed account of result and findings of 
vulnerability to desertification through demographic Indicators and its 
varying degree of vulnerability to desertification in its spatial dimension. 
Chapter-IX presents an account of land use Indicators and its varying 
degree of vulnerability to desertification in its spatial dimension. 
Chapter-X devoted to cumulative Indices of desertification and 
combat plan. An attempt has been made to measure the intensity of 
vulnerability to desertification through the Meteorological, Hydrographic, 
Biotic, Anthropogenic and Land-use/landcover Indicators. By the synthesis 
of all these indicators cumulative view of vulnerability to desertification 
were mapped. Besides, desertification combat plan and strategies have also 
been suggested. 
Chapter -1 
CONCEPTUAL FRAMEWORK 
) Origin and History of Rajastiian Desert 
i) Meaning and Definition of Desert 
ii) Concept of Aridity 
v) Concept of Drought and Desertification 
v) Concept of Desertification and Desertization 
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i) Origin and History of Rajasthan 
Enquiry on the origin and Physical history of the Indian Desert is 
of fundamental importance in order to visualise the nature and magnitude 
of its environmental problems. Although there is little scientific evidence 
which could precisely suggest the origin of the Indian desert, it is 
generally considered that the desert of Rajputana must have originated 
sometimes between the end of the Pliocene and before the end of the last 
age of glaciation. It is during this period that northern India had 
experienced repeated fluctuations, both in temperature and precipitation 
particularly in Rajasthan. Increasing aridity could be identified as its 
cause. 
There are two schools of opinion on the origin and history of the 
Indian Desert. One school asserts that the desert of Rajasthan has come 
into existence in due course of the slow and natural processes of change 
in the environmental conditions. However, another school of scholars 
argues in the light of certain hydrographic and botanical evidences that the 
desert of Rajasthan is of recent origin and is the outcome of the reckless 
exploitation of resources by man in the proto-historical times. Some 
scholars assign the entity of Rajputana desert to a continuous extension of 
the Sahara desert. 
There are some historical evidences which suggest that Rajputana 
Desert is not of medieval origin. The historian of Mahmood of Ghazna 
(Eleventh Century) refers to the march of the Sultan through a desert 
country while going from Multan to Somnath. Earlier in Mahabharat and 
other ancient literature references to a desert tract on the bank of the 
Saraswati are commonly found.' 
As the pleistocene glaciation came to an end and the climate 
ameliorated, a higly civilized community came to inhabit river valleys in 
Punjab, Sind and the adjoining areas. This civilization lasted from around 
Ahmad, A. Human Geography of the Indian Desert, Ph.D. Thesis.(Unpublished) 
Department of Geography, Aligarh Muslim University, Aligarh, 1963, p. 117. 
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5,000 to 2,000 B.C. and then almost suddenly disappeared.^ 
Archaeological evidences suggest that the onset of aridity was the major 
cause of extinction of the Riparian and Harappa-Kalibangan civilization. 
Soon after, the Aryans arrived on the scene and wrote the Vedas. 
Saraswati was then the most important river in the entire region. It has 
been repeatedly referred to in their scriptures and was considered sacred, 
just as the Ganga and Yamuna are revered today. However, it is significant 
that the later are mentioned only once in Rigveda. The Saraswati was, 
however, a consequent river formed of a number of streams fed by springs 
below the Siwalik hills. It had two snow-fed tributaries on its right bank, 
the Sutlej and Beas and another snow-fed tributary on the left bank, the 
Drishadvati, with a puny Yamuna as its tributary. 
Drainage Dislocation and Ecosystem Changes 
A well-knit river system existed in the desert until recent times. 
The deterioration of climate, the rise of Himalayas, the lowering of the 
Aravallis, important changes in the river system are identified as the major 
causes of changes in the ecosystem of this region. Here, atleast three 
stages of ecosystem changes have been identified in the region. Firstly, the 
diversion and disapperance of three classical rivers (the Yamuna, the 
Saraswati and the Ghaggar) and the lowering of the underground water 
table caused increased aridity in the area.-^  These hydrographic changes of 
classical rivers in the southern Punjab have played a decisive role in the 
courses of events leading to the drying up of this area within historic 
times. Thus it is held that the Saraswati was a great river in the vedic and 
in the early historic or proto-historic times. It is postulated that the river 
flowed through what is now the dry bed of, Ghaggar, Hakra and East Nara 
into the Rann of Kutch."* 
Ahmad, F. Tectonism and the Evolution of the Rajasthan Desert, Proceeding of 
Indo U.S. Workshop on Arid Zone Research, 9-14 Jan. 1984, Jodhpur, p. 86. 
Wadia, D.H.The post glacial desiccation of central Asia, Monogr. Natn. Inst. Sci. 
India Vol. 10 1960, pp. 1-25. 
Ahmad, A. Human Geography of the Indian Desert, Ph.D. Thesis (unpublished). 
Department of Geography, Aligarh Muslim University, Aligarh, 1963, p. 141. 
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A western drift of some of the Punjab rivers lias further 
accentuated the arid conditions. But the available topographical evidences 
do not support the hypothesis of major hydrographic changes in the area. 
During the Pleistocene period a Mediterranean type of climate 
might have prevailed over much of the Rajasthan. Rainfall must have been 
abundant to necessiate the use of burnt bricks for construction, and forests 
abundant enough to provide the fuel for the people. Dessication, 
nevertheless, must have been progressively encroaching, and people in 
Buluchistan had construct dams to store water, Desert condition have 
extended their domain considerably and continued to do so.^ 
Secondly, the Sutlej originally joined the Saraswati in the erswhile 
Bahawalpur state, Whereas the Beas was a tributary of the Ravi, passing 
by Deepalpur of today. Around this time the Sind fault started developing, 
and under its influence these rivers repeatedly changed their courses. In 
vedic times they flowed parallel to each other so much so that their waters 
mixed when they were in floods. They still joined the Saraswati although 
much further down its course. Later these rivers shifted further west and 
flowed directly into the Gulf of Kutch.^ 
In the third stage they again shifted westward and joined the Indus 
in its earlier channel known today as rainy and then the East Nara. Later 
still they came to occupy the present courses, when the Beas was captured 
by the Sutlej near Sabrau. The Yamuna, along with the Hindon, were its 
tributaries on the left bank.^ But as the Aravalli Mountains started 
upwarping from Gujarat to near Delhi, like a dome the Yamuna was 
rejuvenated.^ It started cutting headwards to behead soon the mighty 
Drishadwati. The Delhi ridge upwarping forced it to change its course as 
Ahmad, F. Tectonism and the Evolution of the Rajasthan Desert, Proceedings of 
hido-U.S. Workshop on Arid Zone Research, Jodhpur, 9-14 Jan. 1984, p. 86. 
Krishnan, M.S. Geological history of Rajasthan and its relation to present day 
condition, Symp. on Rajputana Desert. Proc. Nat. Inst. Sci. Ind. Bull. 1,1952, pp. 
19-31. 
Wadia, D.N. Geology of India, Macmillan and Company, 1966, p. 536. 
Ghosh, D.K. Western Rajputana - Its tectonism and minerals including evaporiles, 
Symp. on Rajputana Desert. Proc. Nat. Inst. Sci. Ind. Bull. pp. 101-132. 
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well and it went ahead with all this water to carve out a new course for 
itself. The channel is now occupied by the chambal and the Mahi, flowing 
into the Gulf of Cambay. The Drishadvati nearly dried up except for a 
brief attempt of revival at the beginning of the christian era when the 
Rangmahal people settled by its side. Downwarping in the Gangetic valley, 
however, obliged the Yamuna to adopt its present eastward course, and an 
uplift to the east of Udaipur area split-up the abandoned Yamuna channel 
into two parts, known presently as chambal and the Mahi of today.^ It is 
significant thus, that although sign of neolithic habitation have been found 
beside almost all the streams, we know of none so far beside the 
Chambal.'° Abondoned, thus by the Sutlej and Beas on its west, and the 
Drishadvati on its east, the Saraswati dwindled to insignificance and it is 
no wonder that it was lost in the desert during the Mahabharat times, c. 
1500 B.C. 
Yet another streams of interest in Luni in Central Rajasthan. It, 
along with its tributaries, the Jawai, Sukri, Khari, Bandi and Sagi 
obviously flows over a downwarping area. All of these deposited 
sediments spill over their banks every year to make the area fertile. In the 
vedic times it must have been flowing into the Saraswati, for boats could 
sail from the Aravallis to Ambala and Jalandhar." 
The palaeo-botanical evidence indicates an increasing trend in 
aridity since the miocene times in western India. This trend was 
responsible for the increase in deciduous elements in the semi-evergreen 
forests with moist equable climate which had existed in the north-western 
and western India. Since eocene times, it is probably during the early to 
mid quaternary period that the repeated fluctuations in temperature and 
precipitation caused the formation of the desert and overall aridity in 
9. Ghosh, D.K. Western Rajputana - Its tectonism and minerals including 
evaporites, Symp. on Rajputana Desert, Proc. Nat. Inst. Sci. Ind. Bull. 1952, pp. 
101-132. 
10. Jain, 1972. 
11. Mitra, P.C. Condition of Rajputana in the past and present and its development, 
Symp. on Raputana Desert, Proc. Nat. hist. Ind. Bull. 1, 1952, pp. 51-52. 
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Western Rajasthan.'^ The creation of the desert was indeed the result of 
changes in natural phenomena, and the early man had settled here under 
the desertic environment, with the precipitation gradient much the same as 
it is at present. The migration of the sand dune formation activity from the 
west to east of the desert has continued and the palaeo-botanical evidence 
has been found of such an activity as recent as 5000 years ago.'^ 
Thus, though the original cause of the desert can be traced in 
geological, physiographic and hydrographic factors, its deterioration can 
largely be attributed to man. It is here that the hope of its reclamation lies, 
if the process can be reverted and growth of vegetation is encouraged by 
protecting from human activity, the desert conditions may be controlled. 
So there are two major sets of evidences which indicate the origin and 
evolution of Rajasthan desert. 
It is generally believed that the western Rajasthan and parts of Sind 
and Baluchistan have undergone a major climatic change since the time of 
the Indus valley civilization. Marshall gives indisputable evidence of 
heavier rainfall in Baluchistan during the chalcolithic civilization of C. 
3000 B.C.14 
The desert conditions had deteriorated as compared with conditions 
prevalent during the period of the Harappan culture (2300-1750 B.C.) and 
also to some extent in relation to some later cultures which flourished in 
north-western India in the early centuries of the christian era.'^ 
Evidence provided by human artifacts such as sculptures drawings 
and engraving of animals stalactite seals, burut bricks, animal bones, the 
size of major cities and the location of habitation sites with respect to 
12. Vishnu-Mitra Origin and History of the Rajasthan Desert - Palaeo-botanical 
Evidence, Desertification and its control ed. Jaisalwal, P.L. I.C.A.R., New Delhi, 
1977, p. 8. 
13. Ibid, p. 8. 
14. Ahmad, A. Human Geography of Indian Desert, (Unpublished Ph.D. thesis) 
Aligarh Muslim University, Aligarh 1963, p. 148. 
15. Singh, Gurdip Climatic changes in the Indian Desert, Desertification and its 
Control, ed. Jaisalwal, P.L., I.C.A.R., New Delhi, 1977, p.25. 
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river courses, the existence of an elaborate drainage system. All this 
shows that the rains were more bounteous in the days of Harappa culture 
than at present.'^ 
The desiccation of the western Rajasthan is largely attributed to the 
changes in the draiiuigc network which have brought about a shift in the 
original drainage of the area. It has been taken as an almost established 
fact that a mighty river flowed through the Indian desert, whose old 
course followed the dry beds of the palaeo rivers whose remanents are 
Ghaggar, Hakra, Sotra and Eastern Nara into the Rann of Kutch. This 
mighty river is identified with the Saraswati of the vedas. From numerous 
references in various hymns of the Rigveda and later texts it is revealed 
that in the early vedic age probably not later than the middle of the second 
millinium B.C. Saraswati was a mighty stream which had its source in the 
Himalayas and flowed through eastern Punjab and northern Rajputana and 
ultimately found its way to the sea. In the later texts such as the 
Mahabharata the stream is described as losting in the sand.'^ 
But the present physiography of the region through which the mighty 
Saraswati flew during the vedic ages is that of the arid tract with vast 
accumulation of blown sand and sparse population. There are no surface 
rivers on streams except for Ghaggar, a monsoon rivulet, which rises in 
the Siwalik and lowers itself in the sands of Hanumangarh in the Bikaner 
district. It is possible that the water of the Ghaggar was captured by the 
Yamuna as the adjoining rivers.'^ 
It is believed that the south west monsoon whose practical absence 
from western India is the course of dessication and desert formation in 
this region. South-East trade winds of the Indian ocean having been pulled 
by intense low pressure of north-west India and deflected to their right, 
on crossing equator under Ferrel's Law. The effective northern limit of the 
south-west monsoon is known to be the Gulf of Cambay. However, further 
16. Ibid. p. 25 
17. Opcit, p. 149 
18. Krishnan, M.S. Records Geol. Surv. India, Vol. LXXX, 1940, p. 14. 
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north and west the aproach of the monsoon is feeble. If Africa had been 
further west, the S.E. Trades would have reached India further north of the 
Gulf of Cambay or entirely maritime winds and might have caused 
precipitation in Rajasthan.'^ As the conditions at present are, the winds 
that arrive across the sea to north of Kathiawar are those that have entered 
east African and Abyssinion plateau and have partly shed their moisture. 
When they reach Rajasthan they are much drier winds than the S.W. 
monsoon which have travelled over several thousand miles over sea and 
picked up larger quantities of moisture. It is known that the relative 
position of India and Africa was finalised on the globe towards the end of 
the Mesozoic when the continental drift has practically ceased.^'^ 
Another view regarding the extreme aridity of the region is that of a 
celing of western upper (continental) air checking the ascent of cooler 
monsoon whereby condensation is inhibited.-^' It is also believed that the 
strong westerly drift of air which is a permanent features of the upper 
atmosphere over India carries away any monsoon air that tend to rise in 
the region. The monsoon air in Rajasthan is relatively hot and needs great 
ascent for the condensation of its moisture. But vertical ascent is cut short 
by the perennial upper air strongly westerly current which carries the 
monsoon along with it. 
The site of Rajasthan desert has been a relatively low surface 
throughout the geological period and was partly occupied by transgression 
of the sea during the Mesozoic and Tertiary periods. In the absence of any 
appreciable high lands across the onshore winds, the rainfall has not been 
induced and therefore, the region has perpetuated dry condition over the 
ages. 
It is believed that monsoon conditions set in over India after Miocene 
period when the Himalayas became a prominent feature in the north. 
19. Ahmad, E. Origin and Geomorphology of the Thar Desert, Annals of Arid Zone 
CAZRI, Jodhpur, Vol. 8, No. 2, 1969, p. 172. 
20. Ibid, p. 172. 
21. Kedrew, WIG, The climate of the continents, Oxford University Press, 1961, pp. 
173-176. 
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Monsoon, however, must have been retarted or modified during the cool 
interval of Quaternary glaciation when north-west India could not have 
been such a centre of heat and low pressure as to attract the monsoons. 
Krishnan is of a different opinion that the desert conditions must have 
gradually set in well after man appeared in the Pleiostocene period. 
Archaeologists suggest that Baluchistan was relatively well wooded and 
occupied by extensive human settlements down to about 4000 B.C. that 
the desert conditions were accentuated.^^ 
Wadia is also of the opinion that the Indian desert is of 'recent 
origin' i.e. within the historic times.^ -^ Wadia believes that only a certain 
part of the Indian desert drived from the weathered debris of the rocky 
prominences, which are subject to the great diurnal as well as seasonal, 
alternation of temperature, is characteristic of arid region. He holds that 
the major proportion of the sand is of drift origin blown inland by the 
monsoon winds from the Rann of Kutch and the sea coast and in part from 
the lower Indus basin. This view that the Rann of Kutch and the coastal 
sand have supplied most of the west of Rajputana during historic times is 
not appealing. 
Topographical maps show that the sand dunes are confined to the 
east of the Nara. Now, if the S.W. Monsoon scruplously keeps east of its 
sinuous course, the amount of sand lying over Rajasthan is so much that 
its major proportion would need the Rann of Kutch (the main source of 
sand) initially to be higher land surface so that it could supply so much 
sand, or a continuously, rising land surface during historic times. None of 
these conditions is known to have been present. There are some strong 
points which contradict these evidences. According to Wadia sand is 
mainly wind-blown from the Rann of Kutch or the sea-shore. There is no 
reason why the sand should stop where they do now at the south-western 
margin of the Indo-Gangetic divide. The summer winds are strong enough 
22. Krishnan, M.S. Evolution of the Desert, Proc. Symp. on Rajasthan Desert Bull. 
Natn. hist. Sci. hidia. Vol. 1, 1952, p. 19. 
23. Wadia, D.N. Geology of India, Macmillan, London, 1961, pp. 398-99. 
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to carry the sand further east and to cover the Punjab and Western Uttar 
Pradesh when the sand is mainly from the coast its thickness should be 
greatest near the coasts and decrease with increasing distance from the 
shore, sand which are deposited towards the south-west of Punjab and 
Sutlej from the Rann and sea shore it could be further spread inland by 
the strong summer winds. There is another opinion that since the origin of 
the desert is roughly where it was about a thousand or more years ago. 
Since, then it has not migrated inland any more. There is no reason why 
this movement of sand stopped on the south-western margin of Punjab 
about a thousand years or more ago.^ '^  There are other areas of onshore 
winds in the world within tropics but they have not furnished sand on a 
large scale. The loess deposits in Potwar and Baluchistan as proved by 
their fossil contents are of Pleiostocene times. Now the desert which has 
given rise to this loess must be older or should be contemporary with the 
desert.^^ 
Herons (1939) had identified three peneplains in the Aravalli region, 
a Mesozoic, several indistinct ones in the Tertiary and the ravines of the 
Chambal, Heron had noted that the Deccan Traps existed only on the 
down throw side of the Great Boundary fault, but not on the upthrow side, 
and he accordingly thought that the scarp must have existed at the time of 
the eruption.^^ He, thus, placed the age of the fault, and hence the 
rejuvenation of the Aravallis in the cretaceous time, the age, then assigned 
to the lava flows. However, presently available age data on basalt from 
the adjacent area (Agarwal and Rana 1976) suggests that they are 42-45 
million years old. It is, then alternatively, possible that faulting took place 
subsequently and the basalt have been eroded away since, from the 
upthrow side. This will place the earliest paneplation in lower tertiary, and 
the series of second in the middle to upper tertiary. The Aravalli range. 
24. Ahmad, E. Origin and Geomorphology of the Thar Desert, Annals of Arid Zone. 
Vol. 8, No. 2, 1969, p. 175. 
25. Ibid. p. 176 
26. Heron, A.M. Physiography of Rajputana, 25th Ind. Sci. Cong. Proc. Pt. 2, 1939, 
pp. 1119-1132. 
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then, is a rejuvenated tertiary-recent feature. On the west of the Aravalli 
drilling for ground water has revealed the existence of a fault, thrown 
westward near Sardarshahr. The thickness of alluvium on the upthrow side 
is 60 metres and on the down throw side upto 230 metres. The fault is still 
mildly active and is obviously very young. Similarly, a fault has been 
identified near Barmer to Ganganagar, West of Jalore, Jodhpur and 
Nagaur. It, too, is post Jurrassic could well be tertiary. Thus, these faults, 
in combination with the Great boundary fault, make a large part of 
Rajasthan a horst, that is still being uplifted.-^ '^^ ^ 
The explanation lies in the fact that a graben developed in the Sind 
area, and the western tributaries of the Saraswati, as also the Indus itself 
which progressively migrated westward. 
All these evidences show that desert is not of historic origin and the 
vast deposition of sand is not from inland erosion. The amount and extent 
of sand heaps indicate that it needed longer time for the formation of 
Indian desert than a simple allegation of the desert origin concurrent to 
the advent of man. Conclusively, the origin of the Indian desert could be 
ascribed to the palaeo-environmental changes such as alternations in 
palaeo-drainage, palaeo-botanic desiccation due to palaeo-climatic 
changes in response to geological alternations. However, its on going 
deterioration should be assigned to anthropogenic pressures. 
ii) Meaning and Definition of Desert 
The word 'desert' is derived from the latin root desertus, meaning 
solitary, or it is an inhabited region, bare of vegetation owing to 
deficiency of moisture. There are various definitions of desert which have 
developed in nature and content over the time but concept of barren lands, 
i.e. uninhabited and uncultivated, runs throughout the period upto the 
present time, which is mentioned to understand desert in the real sense. 
27. Auden, J.B. Some geological and chemical aspects of the Rajasthan Salt Problems, 
Syinp. on Rajputana Desert, Proc. Nat. Ins. Sci. Ind. Bull. 1, 1952, pp. 55-67. 
28. Ghosh, P.K. Western Rajputana - its tectonism and minerals including evaporites, 
Symposium on Rajputana Desert, Proc. Nat. Inst. Sci. India Bull. 1952, pp. 101-132. 
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"Desert is a desolate, barren region, waterless and treeless, with 
scanty growth of herbage." (J.A.H. Murraya(ed.), A New English 
Dictionary on Historical Principles, Oxford, 1897). 
"(desertus-solitary), a term used to denote any portion of the earth's 
surface which form its barrenness." 
Chambers Encyclopaedia "A desert is a country with such an arid 
climate and such a scanty water supply that agriculture is impracticable 
and occupation is found possible only for a sparse population of 
pastoralists." 
"A desert has become by definition not naked sand and rock but a 
place of small rainfall with a sparse and specialised plant and animal life." 
(I. Bowman Desert Trails of Atacama, New York). 
"A wild uninhabited and uncultivated tract, a desolate unoccupied 
plain or coast or pathless woodlands wilderness waste." 
"A region in which the vegetation is so scanty as to be incapable of 
supporting any considerable population (as a region perpetually cold or 
covered with snow or ice or region located in the interior of a continent 
by scanty rainfall especially of less than 10 inches annually." (Webester's 
Third International Dictionary) 
De' Mortonne has defined a "desert as a region of rarity and 
inconstancy of precipitation". 
C.W. Thornthwaite (1948) deviced series of indices to show 
relationship between precipitation and evapo-transpiration to demonstrate 
the combined moisture loss from an area by evaporation and the 
transpiration of plants. 
There is voluminous evidence that todays deserts once hosted great 
numbers and varieties of flora and fauna. When weather conditions 
changed, these tracts of land were forsaken by the biota for other regions 
where life-sustaining water was more plentiful. The North African Sahara 
22 
is an example of this, where archaeological evidence indicates wetter 
climatic conditions between 5000 and at least 10,000 years ago.^^ 
It is a vast sandy region where conditions are most inhospitable for 
the survival of human beings and plants. Desert region is usually covered 
with a thick mass of loose sand or may be rugged with craggy or bouldery 
rock masses with or without sand, whereas the sub-soil water tabic is 
always very deep in these regions. The absence of sub-soil water for 
considerable depth inhibits the growth of vegetation which create the life 
intolerable. 
The fine clayey material, a binding component of soil, is usually 
blown away by winds leaving in places vast thickness of loose sand in 
heaps and dunes. There are no flowing streams even though bouldery and 
pebbly stream-beds often appears. There is low ground which suggests the 
old drainage channels. Rainfall is extremely scanty, rarely exceeding 10 
inches and even this amount falls irregularly in storms and cloud burst. 
Deserts are usually high pressure zones and winds blow from land towards 
sea and such are dry. There is low humidity in the air. 
Due to extensive evaporation of sub-soil moisture, through capillary 
action the underground water table is largely depleted and there are no 
rains or replenish it. The water table, therefore, sinks considerably deeper. 
No appreciable vegetation can survive in this region and the surface rocks 
and sands are all barren and become exposed to sun and winds. There is 
enormous radiation of heat at the surface and the atmospheric temperature 
rise high during the day and falling low during night. This brings about 
sudden changes in atmospheric pressures and high winds and storm 
become common, by which sand drifted over long distances. We find 
ultimately a vast sea of sand with dunes simulating waves. 
29. Wendorf, F. and Schild Pre-history of the Eastern Sahara. Academic Press, New 
York, 1980. 
23 
iii) Concept of Aridity 
Aridity Signifies a state of continued deficiency of moisture in the 
sustenance of plant life. This is due to the fact that water available in the 
soil is less than the evapo-transpiration demand. Dry climates are those 
Where water deficiencies considerably exceed water needs i.e potential 
evapo-transpiration exceeds precipitation and no adequate water remains 
to maintain constant ground water level. It is essentially a climatic index 
relating to the ability of the region to support vegetation. 
Aridity results from a combination of factors affecting the capacity 
of the meteorological conditions to supply moisture to the plants. These 
factors include the basic physics of air movement, the global pattern of 
insolation and the condition of land and sea relative to atmospheric 
movements. World's extremely arid regions come under the influence of 
sub-tropical high pressure areas, where weak circulation of air and 
subsidence prevails. Semi-arid lands are marginal to pure deserts and are 
situated in regions dominated by varying air circulation condition.-^^ when 
the monsoon penetrates into the desert region, even the few clouds that 
exist in the easterly or southerly air are dissipated by the dry northerly 
current and the atmosphere is being continuously dessicated.-^' Thus 
during the monsoon season, when the rest of India experiences 
considerably rain, in Rajasthan the skies are clearer with very little rain 
leading to intense insolation, higher temperature and consequently greater 
evaporating power of the atmosphere. 
Arid ecosystems constitute a significant part of the earth's dry 
climates. One of the most controversial problems in Applied climatology 
today is the identification of arid and humid climates and the precise 
delimitation of their boundaries. The major difficulty in arriving at the 
definition of an arid zone is as stated by Wallen (1962), that so many 
factors are involved such as rainfall, temperature, insolation, evaporation, 
30. Jagannatlian, P. Aridity-Causes, criteria and control, Proceeding of the symposium 
on Problems of Indian Arid Zone, Jodhpur, 1964, p. 492. 
31. Ibid. p. 492. 
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relative humidity, vegetation, soil composition etc. But all are agreed that 
essential factor is the small amount of precipitation.-^^ 
The best way to classify is to demarcate them as "those dry regions 
where precipitation is scarce and meets less than one-third of the annual 
water need (PE) of the area.-^ -^  These regions represents the extreme dry 
climates with harsh environmental conditions. The Natural vegetation in 
these regions is mainly dominated by xerophytes, rangeland grasses and 
short lived annuals having a good degree of drought resistance to survive 
under the persistent environmental constraint of moisture. 
Similar to the climatic features of other arid ecosystems, the Indian 
arid ecosystem is also characterised by limited seasonal precipitation with 
an erratic distribution, high atmospheric temperatures with large diurnal 
and seasonal variations, low atmospheric moisture, except in the rainy 
seasons, strong insolation, high evaporation demand of the atmosphere, 
and a strong and persisting wind regime during summer often extending 
into the rainy season. The climatic conditions in these regions often 
remains too dry or inhospitable for successful growth of crops even in 
average rainfall years.-^ "^  The continuation of deficiency of water gives rise 
to aridity and the magnitude of water deficiency defines the degree of 
aridity. Aridity by definition is restricted to regions of low average rainfall 
and usually high temperature, hence high evapo-transpiration, such as in a 
desert. Generally activities in the arid zone are feared to meet to 
consistent dryness. 
According to the first comprehensive classification of world 
climates proposed by Koppens (1900) the limits of arid and humid areas 
were determined on the basis of empirical formulae which expressed the 
32. Wallen, C.C. Proceedings of the Paris Symposium UNESCO Arid Zone Research 
Series No XVIII, 1962, pp. 53-81. 
33. Thornthwaite, C.W. An approach towards a rational classification of climate, 
Geogr. Rev. aphical Vol. 38, 1948, pp. 55-94. 
34. Ramakrishna, Y.S. and Rao, A.S. Incidence and severity of droughts in the Indian 
Arid zone and their impact on productivity from agricultural and pastoral lands, 
Proc. Indo-USSR Seminar on Ecology of Arid Zone and Control of Desertification. 
CAZRI, Jodhpur, 1991, pp. 59-63. 
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mean annual precipitation. Tiie arid conditions were designated depending 
on whether they received more or less than half the critical amount of 
precipitation.-^^ Not being satisfied with Koppen's criteria later workers' 
in particular De' Mortonne (1905) considered the effectiveness of 
precipitation by defining an index of aridity, I, given by I = (P/T) -10.^^ 
Koppen (1923) set out the following limits for the boundaries 
between desert and steppe and dry and tree climates for regions having 
rainfall maximum in summer which is the case with Rajasthan also. 
Boundary between dry Boundary between 
And tree climate steppe and desert 
R - 0 . 4 4 t - 3 
0.44t -3 
2 
Where t and r are mean annual temperature (°F) and mean annual 
precipitation (inches) respectively.^'^ 
The aridity index is defined as the ratio of the moisture deficiency 
to the annual water need expressed in percentage. This index delineates 
areas of different levels of aridity. This actual aridity index of any area 
shows the magnitude of its aridity. To findout the moisture index. 
Thornthwaite gives the following method lOOS- 60D/N where S is annual 
water surplus, D is the annual water deficiency and N is annual water 
need. On this basis regions with a moisture index of less than minus 40 
have been defined by Thornthwaite as arid, and areas with moisture index 
between minus 20 and minus 40 as semi arid. The isopleth of the moisture 
index minus 40 has been drawn to demarcate the Indian arid zone.^^ In 
India the principal arid zone lies in Western Rajasthan and the adjoining 
areas of Punjab and Gujarat. There are also small patches of arid regime 
35. Koppen, W, (1900) Geogr. Zeitscn., Vol. 6, pp. 593-611 & 657-679. 
36. De Mortonne, E. C.R. Acad. Sci. Paris No. 39, 1905, pp. 875-889. 
37. Koppen, W. Dieklimate deserde Berlin and Leipzig, 1923. 
38. Thornthwaite C.W. An approach toward a rational classification of 
c/zOTO/'e.Geographical Review. Vol. 38, 1948, p. 65, 
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in Bellary in Karnataka, Anantpur in Andhra Pradesh and a small area 
around Sholapur in Maharashtra state. Laddakh in Jammu and Kashmir 
States constitutes the cold desert of India.-^^ Pramanik and Hariharan took 
only rainfall into consideration and found the 10 inch and 20 inch annual 
Isohytes as the limits of the Indian arid and Semi arid regions 
respectively."^^ Later Bharucha, after a correlation of the vegetation of 
India with its climatic factors, agreed with this definition with a minor 
change."" He retained the 10 inch isohyet as the limit of semi-arid zone 
extending upto the 30 inch isohyet and an annual diurnal range of 
temperature of 18°C or more as defined by Pramanik and others. Meigs 
staled that an index of 10 is more representative of the arid and 20 of the 
semi-arid regions."*^ Bhatia's study of the arid zone of India and Pakistan 
and that of the Central Deccan by Rao and Subrahmanyam (1962), 
confirmed Meigs findings."^^ Several methods or indices have been used to 
classify climate and to describe aridity. For example, Lattau (1969) has 
described simple index of aridity which is also known as Budyko's"*"* 
radiation at surface where P is the mean annual precipitation and is the 
Land latent heat of evaporisation of water. It follows that a value of D 
greater than unity indicates an excess of radiation over energy which 
requires to evaporate annual rainfall and a value less than unity indicates 
excessive moisture conditions. In other words, the higher the value of D, 
the more dry the location is."^ ^ Subramanyam (1956), Subrahmanyam et. 
39. Krishnan, A. Aridity-causes, criteria and control, Proc. of the Symp. on problems 
of hidian Arid Zone, Jodhpur, 1964, p. 487. 
40. Pramanik, S.K. and P.S.Hariharan, Meteorological Condition and the Extension of 
the Indian Desert, Indian Journal of Meteorology and Geophysics Vol. Ill, No. 2, 
1952, p. 135. 
41. F.R., Bharucha. Review of Research on Plant Ecology, (Paris, UNESCO 1955) pp. 
22-25. 
42. Meigs, P. Arid Zone Hydrology - Review of Research, UNESCO Arid Zone 
Research Series No. 1, 1953. 
43. Bhatia, S.S. India Journal of Meteorology and Geo-physics, 1957, pp. 355-356. 
44. Budyko, M.l. The Heat-Balance of the Earth's Surface (Translated by Nina, A. 
Strepanova), U.S. Dept. of Commerce Washington, D.C. 1958, p. 259. 
45. Latthau, H. Evapotranspiration Climatology: A New Approach to Numerical 
Prediction of Monthly Evapo-transpiration Runn and soil moisture storage, 
Monthly weather Review, Vol. 97, 1969, pp. 691-699. 
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al. (1965) and Krishnan (1968) utilised the Thornthwaite's criteria for 
identifying the extent of the arid and semi-arid regions of the country. The 
regional distribution of the arid areas in the country shows that major part 
of western Rajasthan forms the principal arid region in the country 
constituting 61 per cent of the total arid area. Next to Rajasthan, Gujarat 
state has the second largest area comprising 19.6 per cent of the arid zone 
mainly in the Kutch region while Punjab and Haryana in north have 5 and 
4 per cent arid areas respectively.^^ 
Apart from the major arid belt in North-west India constituting 90 
per cent of the total area under the arid ecosystem in India, a small patch 
of arid zone is present in the southern Indian peninsula covering portions 
of Rayalseema in Andhra Pradesh which accounts for 7 per cent and 
Bellary region in Karnataka 3 per cent respectively. Also a small portion 
i.e. 0.4 per cent of the arid zone is found in Maharashtra in the form of 
two pockets, one in West Solapur district, another covering Sakri in Phulia 
district and Satara in Nasik district. These arid areas demarcated by 
Krishnan (1968) were based on Thornthwaite classification (1948), 
modified Thornthwaites' classification of 1955 i.e. potential evapo-
transpiration (PE), and modified Penman's method. 
Rao and Shastri at CAZRI, Jodhpur indicated that in western 
Rajasthan a little more fringe area along the western parts of Ajmer and 
.Jaipur districts and the northern part in Sirohi district also come under the 
classification of arid zone."*^ 
A comparative study of various criteria for delimiting deserts and 
sub deserlic zones has revealed that the aridity Index of 0.20 obtained 
with the help of Penman's (1948) formulae of aridity is a most satisfactory 
criterian for delimiting the deserts and sub-desertic zones in Rajasthan, 
46. Krishnan, A. Distribution of Arid Areas in India, Proc. Symp. Arid Zone (Eds. S.P. 
Chatterji, B.B. Roy and S.P. Das Gupta), Shree Saraswati Press Ltd. Calcutta. 
1968, pp. 1-15. 
47. Rao, K.N. and Sastri, S.R. Potential Evapotranspiration over India, IMD. 
Technical Bulletin, New Delhi, 1971. 
28 
Penman' includes solar- radiation, atmospheric humidity and wind 
velocity very important in desert or arid and sub-desertic or semi-arid 
zones, because of its drying power in the air. The great advantage of 
Penman's formula is that, it has been used in numerous biological and 
physical studies of climate, the results of which have been widely 
diffused. On this basis regions with a aridity index of less than 0.03 < 
0.20 have been defined by Penman's as arid or desert, and area with 
aridity indices between (0.20 < 0.50) as semi-arid or sub-desertic zone."^^ 
Aridity Indices such as those proposed by Penman, Budyko and 
others are also mathematically related to one-another and are thus to 20 a 
certain degree interchangeable (Hare, 1977).^^ Hare (1983) has described 
the various mechanism of general global atmospheric and oceanic 
circulation, which are at the origin of dry climates and deserts. He has 
also stated that the dryness ratio with the values of 10 represents true 
deserts, with vegetation and human settlement confined to ground water 
of riverine oases and the desertification effects are largely absent.^^ 
The Indices between 7 and 10 represent desert margin, 
desertification in zones of heavy livestock use. 2 and 7 represents semi-
arid zones. Extensive desertification due to overstocking or cultivation, 
<2 represents sub-humid to humid 
The zones with values between 7 and 10 are therefore, arid. 
It is concluded that the area delimited on the basis of 
Thornthwaite's moisture indices appears to have covered all possible 
stretches of aridity in India. The suggestions of 10 inch annual Isohyet as 
the limit of arid zone is arbitrary since in a definition of aridity, rainfall 
alone can not be considered as an all conclusive force. 
48. Penman, H.I. Natural Evaporation from open water, bare soil and grass, Proc. 
Roy. Soc. London A-193, 1948, pp. 120-145. 
49. Hare, F.K. Climate and desertification: its causes and effects, Pergaman Oxford 
Press London, 1977, pp. 63-167. 
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iv) Concept of Drought and Desertification 
Drought denotes to a particular state of water inadequacy in an area 
when rainfall deficiency reaches such an extent that moisture available in 
the soil may not be found sufficient for the normal growth of indigenous 
plants. It is a comparative term and has a definite relation with the 
deficiency of rainfall. 
Drought is a relatively temporary departure from the normal or 
average climate, particularly rainfall towards aridity. As the economy of 
the arid region is more or less in step with the climate and is, therefore, 
not seriously affected by normal fluctuations of weather. In this sense, 
drought becomes a climatic anamoly characterised by deficient supply of 
moisture, such a deficiency may result from sub-normal rainfall, 
inappropriate or uncertain rainfall, excessive water need or, as in 
generally the case a combination of all the three.^' 
Droughts are a recurring feature in the Thar desert with varying 
magnitude from year to year. Food and fodder production in the region is 
considerably influenced by these frequent droughts, severe droughts also 
result in depletion of surface and ground water levels, soil erosion leading 
to loss of fertile soil, dust storms, dust hazes, triggering sand dunes 
movements blocking the roads, railway tracks, crop fields, thus creating 
excessive stress on human and livestock population. During drought 
periods, biotic interference in the form of over-exploitation of natural 
vegetation by overgrazing and cutting of tree species for fuel and fodder 
and cultivation of marginal lands in the fragile arid ecosystem ultimately 
leads to desertification.^^ 
There are many definitions of the term drought, most of these 
definitions can be classified according to a number of criteria involving 
51. Subramaniam, A.R. Drought and Aridity studies of the Indian Arid Zone, 
Proceeding of Symposium on Problem of Indian Arid Zone, Jodiipur, 1964, p. 398. 
52. Rao, A.S. Impact of Drought on Indian Arid Ecosystem, Desertification Control in 
the Arid Ecosystem of India for Sustainable Development Eds. Surendra Singh & 
Amalkar. Agro-Botanical Publisher, Bikaner, 1997, p. 120. 
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several variables, used either alone or in combination viz. rainfall, 
temperature, humidity, evaporation from free water, transpiration from 
plants, soil moisture, wind, river and stream flow. 
A very popular and widely accepted definition of drought is dryness 
due to lack of rain. Tannehill (1947) states that drought relates to the class 
of phenomena known as spells of weather. In regions with adequate 
rainfall, the word drought may be applied to a period with less or no rain. 
Quite often drought is discussed in terms of deviations of actual rainfall 
from the normal.^^ Hoyt for example says that in the humid and semi arid 
climate, drought do not result until annual precipitation is 80 per cent of 
the mean.-^ '^  The British rainfall organisation has defined absolute drought 
as a period of atleast 15 consecutive days, none of which has credited 
rainfall of 0.01 cm or more.^^ 
According to Russel,^ *^ the word drought in Australia is used to 
signify a period of months or years during which little rain falls and 
country gets burut-up, grass and water disappear, crops become worthless, 
sheep and cattle die. In the recent Glossary of Meteorology, drought has 
been defined as a period of abnormal dry weather sufficiently prolonged 
for the lack of water to cause serious hydrologic imbalance i.e. crop 
damage, water supply shortages etc. In the affected areas it is further 
stated that the term should be reserved for periods of moisture deficiency 
that are relatively extensive in both space and time. Bates (1935) 
considered that a state of drought exists when annual rainfall is 75 per 
cent of the normal or when monthly rainfall is 60 per cent of the normal. 
Percentages are also used to define drought especially into drier areas. For 
most countries drought is defined simply as 60 per cent or less than annual 
normal rainfall for two or more consecudve years over atleast 50 per cent 
53. Tannehill, T.R. Drought: its causes and effects, Princeton University Press, 
Princeton, 1947. 
54. Chauhan, T.S. Integrated Area Development of Indian Desert, Geo-Environ 
Academia, Jodhpur & Divyajyoti Prakashan Jodhpur, 1988, p. 58. 
55. Ibid, p. 58. 
56. Ibid. p. 58. 
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of the areas.^'' According to Bryson (1971), the atmosphere over 
northwest India could be one of the major factors responsible for the mid-
tropospheric divergence and less rainfall inspite of abundant moisture 
availability in the atmosphere. Thus arid ecosystem in northwest India is 
a region where drought is an inevitable phenomena during most of the 
years.^^ Landsberg (1927) mentions that drought begins when plants can 
not longer recoup water from the soil as quickly as it is lost by 
transpiration, The mere cessation of rain is, therefore, no indication of the 
beginning of the drought.^^ Thornthwaite (1948) consided drought as a 
period of dryness i.e. need of rain or water, specially such dryness of 
weather or climate as affects the earth and prevents growth of plants, 
drought can, therefore, be said to occur when precipitation is not 
sufficient to meet the needs of established human and other biological 
activities.^'^ Studies carried out by Ramana Rao et al. (1994) have shown 
that deficit in south-west monsoon rainfall can be anticipated in northwest 
India with a reliability of more than 90 per cent during the years with 
forecast of deficit southwest monsoon rainfall on all India basis.'^' 
Analysis on drought indicate that the occurrence and spread of drought is 
not a spordic event in western Rajasthan. It has a general tendency to 
originate in the north-east region around Churu and Jhunjhunu and spread 
in south westerly direction into Barmer and dissipate with an easterly 
movement into Pali. This analysis brings out the fact that the effect of 
drought is more discernible and occurs early in the regions of 
57. Bates, C.G., Climatic Characteristics of the Plain Regions, In possibilities of 
Shelterblets Planning in the Plain Region by M. Sieok, F.A. et al. Washington, D.C. 
1935. 
58. Bryson, R.A. Climatic modification by air pollution, Paper presented at 
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60. Thornthwaite, C.W. 1948. An approach towards a rainfall classification of 
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32 
comparatively higher rainfall than the regions of lower rainfall.^^ Drought 
studies for the Thar desert region show that meteorological droughts 
occurred in one areas or the other in 30 to 55 per cent of the years during 
1901 to 1992 indicating that every third year is a drought years. It may 
also persist continuously for more than one year as has been experienced 
during 1962 to 1970 and 1984 to 1987." 
Droughts not only influence the food and fodder production but 
also result in depletion of surface and under ground water resources, 
induced wind erosion and lead to desertification if activated by biotic 
factors like increasing pressure of population for cultivation of marginal 
lands like sand dunes, cutting trees for fuel and fodder and overgrazing by 
the huge livestock of the region, particularly in drought years.^'^ So 
drought is the destiny of drylands in western Rajasthan. There is no part 
in the region which is spared of drought susceptibility where drought 
comes, as it often does, it envelops millions in distress and leaves a long 
trail of misery behind. Drought in its varying intensity and duration is an 
annual feature in one or the other part of the region.^^ So, drought is 
referred to the significant reduction in rainfall or water resources from its 
normal conditions. The higher inter-annual variability in rainfall is the 
root cause for frequent droughts and low crop production. 
Droughts can be classified into meteorological, hydrological and 
agricultural depending upon the purpose for which they are defined. The 
India Meteorological Department considers meteorological drought, as 
monsoon season's rainfall deficiency exceeding 25 per cent below the 
normal. This is further classified as moderate (rainfall deficiency from 26 
62. Ramakrishna, Y.S. and Sastri, A.S.R.A.S., Studies on the Incidence of Droughts 
Over Western Rajasthan, National Geographical Journal of India. Vol. XXV!., No. 
1, 1980, pp. 44-49. 
63. Rao, A.S. Impact of Droughts on Indian Arid Ecosystem, Desertification Control 
in the Arid Ecosystem of India for Sustainable Development Eds. Surendra Singh 
& Amolkar Agro-Botanical Publisher (India) Bikaner, 1997, p. 120. 
64. Ibid. p. 128. 
65. Arunachalam, B. The Problem of Droughts: What can the Geographer Do? 
Proceeding of All India Symposium on Drought Prone Areas of India, Tirupati, 
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to 50 per cent) and severe (rainfall deficiency is more than 50 per cent). 
The analysis of meteorolo-subdivisional rainfall, from 1875 to 1982 
indicate that over Gujarat and Rajasthan, there are 23 and 18 to 27 
drought years respectively.^^ 
Rainfall in western Rajasthan is very erratic in nature. Rainfall 
deficiency and surplus upto 50 per cent of normal is graded as moderate 
and severe have occurred several times. Western Rajasthan has 
experienced 18 moderate and 10 severe types of drought during the period 
of 1871 to 1981 and in the case of excessive rainfall 16 moderate floods 
and 8 severe floods have been recorded during hundred years of time.^^ It 
is seen that the frequency of drought years increases from less than 10 per 
cent in Jhunjhunu districts and parts of Pali, Sikar, Churu and Ganga 
nagar district to more than 20 per cent in Jaisalmer and Western parts of 
Bikaner, Jodhpur, Barmer and Jalore. In the extreme arid zone, both the 
flood year and drought year frequencies are high. Sikar, Jhunjhunu and 
eastern churu get less of both the type of extreme years.^^ 
It is important to take note of water deficiency deviation rather than 
rainfall departures because the absolute water deficit by itself has little 
meaning. The moisture deficiency during the critical growing period of a 
crop will have more devastating effect than mere rainfall insufficiency. 
A prolonged drought causes hydrological imbalance. Besides the 
duration of rainless days, the magnitude of drought also depends upon the 
intensity of dry winds. Drought conditions occur whenever the south-west 
monsoon is delayed in arrival or withdraws early in the season or occurs 
with intermittent dry spells, on an average Western Rajasthan has less than 
20 rainy days in over 80 days of rainy period. Considerable variation 
66. I.M.D. Pune Climatology of Aridzonesoil in India by Chaudhury, H.N. Proc. Indo, 
U.S. Workshop on Arid Zone Research 9-14, Jan. 1984, CAZRI, Jodhpur, D.S.T. 
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prevails in the moisture regime due to yearly variability in rainfall of 1178 
mm. In 1917 followed by the lowest of only 38 mm in 1918 against an 
average annual rainfall of 368 mm. The co-efficient of variation in the 
annual rainfall is at a maximum of 66.2 per cent at Jaisalmcr in the west 
and the minimum of 36.6 per cent at Jhunjhunu in the northeast. The co-
efficient of variation of moisture index decreases with decrease in 
moisture index indicating that regions of high moisture index will 
experience fluctuation in climatic pattern.^^ 
Moisture index (Im) has been developed by Thornthwaite (1948) 
to quantify moisture regime 
Annual water surplus - Annual water deficit 
Im = 
Annual water need (PE) 
Moisture Index Moisture Regime 
-33 to -66.6 Partly dry 
-66.7 to 80.0 Dry 
-80.1 or less Extremely dry 
Adequate and accurate perception of drought hazard in arid lands 
is extremely important. Even in the years of relatively good rainfall in 
these areas the spatial variation and periodic deviation are marked with 
scarcity condition. It has been worked out that in nearly 66 per cent of the 
years in western Rajasthan the mean growing period during monsoon 
season was hardly II weaks. If the farmer fails to keep the timings of 
sowing his crops to this limited growing season he comes under the grip 
of agricultural drought.'''^ 
India Meteorological Department has classified drought into two 
categories. Drought is a situation occuring in any area where the annual 
rainfall deficit is 25 per cent or more. 
69. Ramakrishna, Y.S. and Sastri, A.S.R.A.S., Studies on the Incidence of Droughts 
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(i) When rainfall deficit is between 25 to 50 per cent it is moderate 
drought (ii) And, when rainfall deficit is above 50 per cent to 80 per cent 
it is large to severe drought. Where on the above scale 20 per cent of the 
years have drought they are considered 'drought areas' and where drought 
occurs more than 40 per cent of the years it is considered chronic drought 
areas.^' 
Although many factor are involved in describing availability of 
water, the most useful single index for assessing meteorological drought 
and water requirement of plants and water supply is rainfall. Since rainfall 
in non continuous in time and space, it is statistical description is very 
complex, but any attempt to combat drought and desertification will have 
to take into consideration the rainfall of the area, especially in arid and 
semi-arid areas. In an arid or semi-arid range land where grazing of 
domestic animals is at its critical limits, a succession of drought years can 
induce long-term desertification processes. Dry ecosystems if they are 
slightly discribed by overgrazing often have the capacity to recover from 
natural events. However, such ecosystems often do not recover from the 
combined effect of dry years and over exploitation. Which may lead to 
wind and water erosion. These effects will then lead to permanent or 
temporary desertification. Since rainfall is a limiting factor in semi-arid 
areas, monitoring rainfall data is very important to assess the status of 
vegetation and potential desertification in these areas. 
Agricultural drought 
Agricultural drought is the most important aspect of drought in the 
arid lands of India where 80 per cent of the population depend for their 
livelihood on agriculture. Several indices have been used to quantify the 
severity of agricultural droughts. Most of these are used to express the 
degree to which the agricultural system has been affected by water deficit 
considering the complex physical processes involved in the response of the 
71. Tivvari, A.K., Perception of Drought Hazards Among the People of Drought Prone 
Areas of India - A case study. Symposium on Drought Prone Areas of India. 
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agricultural systems to water deficit, it may be very difficult to quantify 
the effects of agricultural droughts accurately. Agricultural droughts have 
therefore, been derived from numerous parameters. These parameters have 
ranged from single meteorological parameters (e.g. Palmer Index)^^ to 
more complex functions involving combination of soil moisture, crop 
parameter and many other factors. It occurs when, supply of moisture from 
rainfall or from the soil is insufficient to cater to the bare needs of plants. 
Any study of agricultural drought takes into account the types of crops, 
their rooting depth, the characteristics of the soil and the meteorological 
factors that affect the moisture supply and demand. Agricultural droughts 
are contingent droughts (Mathur, 1974)"^ ^ which result from the irregular 
and variable rainfall. Such droughts are occur both in humid and semi-
humid areas. Agricultural droughts are usually recognised during the 
periods when the crops are in greater water needs and when rainfall and 
soil moisture are together inadequate to support the health and growth of 
the crops to maturity causing extensive soil stress and wilting. 
Hydrological Drought 
Hydrological droughts occur when the actual water supply is less 
than the minimum requirement for the hydrological operation. The 
hydrological droughts are often characterized by low stream fiow, low 
precipitation, fall in the levels of lakes, wells and reservoirs, depletion of 
soil moisture, lowering of ground water tables, and changes in run off and 
evaporation rates. Changes in these parameters together with several other 
hydrological factors have been used to quantify the severity of 
hydrological droughts.^'* So drought is a result of weather conditions -
desertification is a result of the action of man. Drought can trigger rapid 
desertification and can make its effects felt by those living in the affected 
areas. Vast areas of productive land are going out of use every year due to 
72. Palmer, W.C. U.S. Weather Bar. Res. Paper 65, 1965.. 
73. Mathur, CM. Soils of Raj as than, Survey and Classification in Retrospect and 
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desertifications. Recurrent drought is one of the causes of the inherent 
fragility of the resource system. Incidences of drought are irregular and 
unpredictable and the damage caused is sudden and often dramatic. This 
means that drought in the drylands should be managed like other recurrent 
hazards of nature. 
One can see a definite relationship between the prolonged droughts 
and the desertification. Long-term droughts in the sahelian region 
extending to a period of over one decade in the 1970s had an advence and 
irreparable loss of bio-diversity through natural extinction and the 
pressures of overgrazing. However, short-term droughts are self reversing 
and do not normally contribute to desiccation and deterioration of the 
ecosystem in the sparsely populated areas of livestock rearing. Infact, 
Indian desert is one of the most densely populated deserts, where pressure 
of livestock and other landuse activities is much higher than the other 
deserts. Under these circumstances, even two consecutives droughts of 
high intensity might propel a sequence of ecosystem disequilibrium. 
v) Concept of Desertification and Desertization 
The development of desert like conditions where none had existed 
before has generated two different terms to define it. One is desertization 
and the other is desertification. The distinction between these terms is 
primarily based on the location of the extension of desert like conditions. 
Le Houreau defined desertization as "the extension of typical desert 
landscapes and landforms (i.e. those regions receiving between 50-100 
and 200-300 m-m precipitation.^^ Citing the geographic limitations of Le 
Houerou's definition, Rapp (1974) expanded it to include higher rainfall 
areas. He defined desertization or the spread of desert like conditions in 
arid or semi-arid areas upto 600 m.m rainfall due to man's influence or to 
the climatic change.^^ Rapp also noted that his definition conformed with 
75. Houerou, Le. The Nature and Causes of Desertization, Desertification 
Environmental Degradation in an around arid lands (ed. M.H. Glantz Westview 
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76. Rapp, 1974. 
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that of desertification as defined by Sherbrook and Fayiore (1973)7^ 
Thus, the two terms have been used by different authors sometimes to 
describe different process and sometimes the same process. 
Desertization 
Deserization has been defined as the extension of typical desert 
landscapes and landforms to areas where they did not occur in the recent 
past (i.e. Houerou 1962). This process takes place in arid zones bordering 
the desert under average annual rainfall of 100 to 200 m.m. with outside 
limits of 50 to 300 mm.^^ 
According to French Scientist Louis Lavauden desertization is the 
depletion of vegetation and soils in arid lands leading to desert like 
conditions.^^ 
"Desertization is a term that cannotes some degree of irreversibiliy 
of arid land turned man made desert. There are many examples of such 
irreversibility in the arid lands north and south of Sahara. 
The word desertization is being used by an increasing number of 
modern ecologists and other scientists Rapp, 1974, Floret and Le Floch, 
1973, Monod 1973, Wagner, 1974 and also by International Organisation 
like Food and Agriculture Organisation (FAO), United Nations 
Educaional, Scientific and Cultural Organisation (UNESCO), UNEP. A 
conference was held in 1975 in Tehran by UNEP and the Iranian 
Government on "de-desertization" to combat the situation. 
Desertizaion is concerned with the creep of desert like conditions 
into areas where they should not climatologically exist. Thus, reducing the 
size of the ecumene. This expansion of desert along their edges is due to 
only human actions. The permanent and increasing pressure of man and 
his animals on fragile and unstable ecosystems and to misuse of natural 
77. Falyore, 1973. 
78. Houerou, Le. The Nature and Causes of Desertization, Desertification 
Environmental Degradation in an Around Arid Lands ed. M.H. Giantz. Westvievv 
Press Boulder, Colorado, 1962, p. 17. 
79. Lavauden, L. (1927). Global Status of Land Degradation and Desertification, ed. 
T.S. Chauhan, Printwell Publisher, Jaipur, Vol. 1, 1998. 
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resources through careless management (or lack of management). 
Desertification is discontinuous in time and space. It varies in time with 
recurrence of prolonged drought periods when pressures on ecosystems 
reach a paraxysm.^° Whereas the phenomenon is more or less hailed 
during a series of above normal rainfall years. It varies in space with the 
densities of human and animal population, which in turn, are linked to 
water availability. Paradoxically areas where water conditions are better, 
are those which are more vulnerable to most acute desertization due to 
intense land use pressures. 
There are several factors which lead to desertization like wind 
erosion, which accumulates sand particles from long distances. Another 
source of desertization is caused by the action of raindrops barren, silty, 
loamy or clay ground becomes sealed on the surface by the action of 
raindrops. Raindrops disperse the fine elements of surface soil aggregates. 
The particulates, thus freed tend to fill-up the pores in the soil surface. 
This soil becomes impermeable, and water intake becomes negligible with 
a runoff factor of 80 per cent or more, depending on slope and degree of 
sealing. This leads so much drier conditions resulting in the death of the 
remaining plants.^' 
Another factor of desertization is due to salinization and 
alkalinization which are usually the result the faulty technology in water 
resource managements. Schemes, on too salty or too heavy soils, with 
insufficient drainage. This mechanism has led to the sterilization of huge 
areas.^^ The so called "Scalds" in North Africa, Egypt, Iraq, Iran, Pakistan 
and India. 
Desertization is always a physical or chemico-physical, process 
induced by biological or bio-physical mechanism which reduces plant 
80. Houerou, Le The Nature and Causes of Desertization, Desertification 
Environmental Degradation in An Around Arid Lands ed. M.H. Glantz. West view 
Press Boulder, Colorado, 1959, p. 19. 
81. Ibid, p. 20. 
82. Ibid, p. 21 . 
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cover and primary productivity. Eventually the environment becomes 
unusable for man and his livestock thus narrowing the limits of the 
ecumene.^^ 
Due to rapid increase in population, availability of per-capita land 
is reducing. There are some serious consequences of overincreasing 
population pressures in the form of (a) overgrazing (b) overcultivation (c) 
burning of indiginous plant species for fuel, and ill-designed development 
projects which result in pasture destruction. 
As population grows, the number of livestock tend to grow at about 
the same rate in order to attain the minimum subsistence level. This 
results into a progressive reduction in vegetation cover and increased wind 
erosion, trampling, sealing, increased runoff, higher water tables, and 
salinity - the related mechanism leads to desertization process. To sustain 
the growing population more land must be tilted. This is a very serious 
problem in a country like India where population growth is touching a 
billion mark. This leads to overcultivation and marginalization which 
reduces soil fertility and lower the yields. Soil left barren after crop 
failure is subject to wind erosion. Minimum wood consumption for 
domestic uses is about 1 kg/person/day. Our forests are depleting at a very 
rapid rate. Due to a reduction of vegetation cover there may be reduced 
rainfall which would create feedback mechanism to reinforce the 
desertization mechanism.^'^ 
Desertification 
Desertification is generally understood as a process in which an 
area of land ultimately becomes a desert. This normally involves several 
processes of continuous through imperceptible impoverishment of an 
ecosystem through either climatic changes or the human impact (or a 
combination of the two). So that, the land develops the characteristics of 
a desert area. Desertification in this way involves long term changes in the 
83. Ibid. p. 21. 
84. Ibid. p. 27. 
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floral and faunal characteristics, its soil productivity and its biological 
potential and carrying capacity. This may be triggered by a series of 
droughts. Although a drought may catalyse the human impacts which 
result in long-term desertification. 
The word "Desertification" first used by the French Scientist and 
explorer louis Lavauden in 1927 and Aubreville in 1949 but its effect was 
realised during the calamity occurred in Sahelian Region in 1968-73 in 
Sub-Saharan Africa. Realising the seriousness of the problem of 
desertification, the international efforts began with the United Nations 
Conference on Desertification (UNCOD) held in Nairobi in 1977. The 
term desertification at this conference was defined as diminution or 
destruction of the biological potential of land and can lead ultimately to 
desert like conditions. The above definition of the desertification due to 
some of its inherent limitations was modified by UNEP in 1990 and 
desertification is defined as land degradation in arid, semi-arid and dry 
sub-humid areas resulting mainly from human activities.^^ However, this 
definition was further modified, negotiated on Environment and 
Development (UNCEP) held at Rio-de-Janeiro in Brazil in the year of 
1992. According to this recent definition "desertification is land 
degradation in arid, semi-arid and dry sub-humid areas resulting from 
various factors including climatic variations and human activities. The 
1977, definition did not mention anything about the climatic zones in 
which desertification would occur or about the causes of the phenomena. 
It was generally understood that desertification occurred in the arid 
regions but the particular climatic zones were not identified. The direct 
cause of desertification was believed at that time to be a combination of 
drought and human action. The 1990 definition omits hyper arid regions 
because there can be no human induced land degradation in the absence 
of humans and there are few humans in most of the hyper arid zone. 
However, this is a debatable issue whether hyper arid lands are no longer 
85. Dregne, H.E. Global Status of Desertification, Annals of And Zone, CAZRl, 
Jodhpur, Vol. 30, 1991, pp. 179-185. 
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threatened by human interference. Nevertheless, the hyper arid lands in 
the Indian desert are subjected to overgrazing and are not given a respite 
from the landuse pressure to recover. Desertification commonly appears as 
degradation of plants, animals, soil and water resources and general loss 
of biological productivity in areas under ecological stress. In fragile 
ecosystem such as those on desert margins. This degradation can easily 
become irreversible and can permanently reduce the capacity of the area 
lo support human life. 
Impact of desertification is more severe and distinct in arid regions 
due to their inherent morphological vulnerability and climatic severity. 
There are various scholar's who have defined desertification in different 
ways Dregne (1978) defined "Desertification as the process of 
impoverishment of terrestrial ecosystem under the impact of man. It is the 
process of deterioration in those ecosystems that can be measured by 
reduced productivity of desirable plants, a reckless depletion in the 
biomass and a decrease in diversity of the micro and macro fauna and 
flora accelerated soil deterioration and increased hazards for human 
occupancy." 
Razanov (1982) defined "Desertification as a process of irreversible 
change of soil and vegetation in drylands in the direction of aridization 
and diminition of biological productivity which in extreme cases may lead 
to a total destruction of biospheric potential and conversion of land into 
desert.^^ 
FAO and UNEP (1977) defined "Desertification as the 
intensification of or extension of desert conditions. It is a process leading 
to reduced biological productivity, with consequent reduction in plant 
biomass, in the land's carrying capacity for livestock, in crop yield and a 
lowered human well- beings^^ 
86. Rozanov, B.G. Present day human Induced Desertification Abstract, International 
Symposium on Evolution of Deserts, Ahmadabad, 1992, pp. 166-167. 
87. FAO, UNESCO & WMO. World map of Desertification at a Scale of 1: 25000000 
explanatory note. UNCOD New York, 1977, p. 11. 
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Le Houerou (1959) was of the opinion that it is man who creates 
the desert the climate only gives it a direction.^^ 
According to UNCOD 1977, "Desertification" is an aspect of wide 
- spread deterioration of the ecosystem under the combined pressure of 
fluctuating climate and human overuse of the land, implicit to dry areas. 
"Desert is a long term decline in the lands biological production 
potentials." 
"Desert is the weakening of the natural life support system or 
ecosystem in the biosphere." 
According to another definition, desertification is the process of 
deterioration, dessication and denudation of land under the changing 
pressure of land use activities." 
Aubreville (1949) defined desertification as an ecological 
degradation which starts with deforestation and is not necesserily 
confined to dry areas.^^ 
According to UN conference on Environment and Development 
(UNCOD) held at Rio de Janeiro in Brazil in the year of 1992 
Desertification is land degradation in arid, semi-arid and dry sub-humid 
areas resulting from various factors, including climatic variations and 
human activities. 
Desertification to an ecologist or environmental scientist is a 
systematic phenomenon involving climate, soils, flora, fauna and man. It 
may be regarded as a form of deterioration of the ecosystem due to change 
in the pressure of human adoption or use system. Desertification arises 
from the fragility of the dryland ecosystems which under excessive 
pressure of human use lose productivity and ability to recover stability 
and resilence. 
88. Houerou, Le The Nature and Causes of Desertization, Desertification 
Environmental Degradation in and Around Lands Eds. Glantz. M.H. Westview 
Press, Boulder Colorado, 1959, p. 25. 
89. Aubreville, A. Climate, Forest et Desertification de 1 Afrique Tropicale, Paris Soc. 
Edit Geogr. Maril et. col. 1949. 
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Desertification means conversion of a fertile or non-desertic land 
towards a dry infertile or desertic land.^° 
Extensive areas of productive land are subject to ecological 
degradation that reduces their productivity and hence undermines the life-
support system of 850 million people. The manifestations of desertificaton 
include deterioration of rangelands, degradation of rainfed crop lands, 
waterlogging and salinization of irrigated land, deforestation and 
destruction of woody vegetation, growth and encroachment of mobile sand 
bodies and declining availability or quality of water supplies.^^ 
In western Rajasthan, different types of fluvial and aeolian fragile 
ecosystems occur and they are undergoing morphological and biological 
changes due to natural and humanly induced desertification process like 
wind erosion/deposition, water erosion/deposition, salinity/Alkalinity and 
waterlogging.^^ In the last few decades the impact of human and 
livestocks has increased manifold which has disturbed the ecological 
balances of these ecosystems resulting in the desertification/deplotion of 
their biological productivity. Dregne (1983)^^ and Mabbutt (1984)^ "^ 
estimated that some 33.37 per cent of the world's land is suffering from 
atleast moderate desertification in Africa between (7,500 and 10,000 
Km^). Increase pressure of human activity on the land is brought about by 
greater demands resulting from both population pressures and the 
penetration of traditional farming system by capitalists imperatives.^^ 
90. Sen, A.K. Desertification Hazards and Environmental Degradation in Rajasthan 
Desert, Geographical Review of India. Vol. 54, No. 2, 1992, p.38. 
91. Mabbutt, J.A. A new global assessment of the status and trend of desertification. 
Environment Conservation. Vol. II, 1984, pp. 103-113. 
92. Faroda, A.S. and Singh, Surendra, Desertification - Causes Impact and Future 
Trends in Indian Arid Zone, Desertification Control in the Arid Ecosystem of India 
for Sustainable Development. Eds. Singh, S. & Amalkar Agro-Botanical Publisher, 
Bikaner, 1997, p. 1. 
93. Dregne,, J. Desertification of Arid Lands - Switzerland Harwood, Academic 
Institute 1983. 
94. Mabbutt, J.A. A new global assessment of status and trends of desertification. 
Environmental Concern 1984, p. 103. 
95. Blakie, P.M. The Political Economy of Soil Erosion, London, Longman, 1981, 
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Desertification is a term employed rather loosely but which refers 
specifically to the deterioration of arid and semi-arid lands that are used 
beyond their capacity of sustained production by cultivators herdsman and 
others. Drought often accelerates the process of deterioration, but natural 
ecosystems may recover from even prolonged droughts when human 
misuse of the land is controlled. It has been estimated that the world's dry 
lands (6,150 million ha; 41 per cent of the land area of our planet) are 
distributed in all continents with 32 per cent in Africa, 32 per cent in 
Asia, 11 per cent in Australia, 5 per cent in Europe, 12 per cent in North 
America and 8 per cent in South America.^^ Agriculturally used drylands 
5,199 million ha. Comprise irrigated farmlands (145.5 million ha. 30 per 
cent degraded, rainfed farm land 457.7 million ha, 47 per cent degraded, 
rangelands 4,556 million hactares 73 per cent degraded. 
Dryland provide life-support system for 900 million. It has also 
been estimated that more than 25 per cent of the earth's land surface is 
threatened by desertification. Over 900 million people in more than 100 
countries are at risk, ninety of these countries are in the developing 
world.^^ 
Desertification may be reversible, if it has not proceeded too far, 
many fear, however, that even if the technical ability to counter its spread 
(which is usually intermittent and locally confined) were available, the 
political will to achieve the needed change in land management practices 
is generally absent.^^ 
The 1984 UNEP global assessment of desertification showed that it 
affects some 3.5 billion hectares of productive land; rangelands (3.1 
billion hectares) and irrigated lands (40 million hectares). Each year some 
21 million hectares are reduced to a state of near or complete economic 
uselessness. Six million hectares are lost to desertification per year. 
96. Chauhan, T.S. Global Status of Land Degradation, Printweil Publisher Distributor, 
Jaipur, Vol. 1998, p. 3. 
97. Ibid. p.3 
98. Johnston, R.J. Environmental Problem Nature, Economy and the State, London 
Beihaver Press, 1989. 
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In Rajasthan grazing lands have decreased by nearly 2 million 
hectares between 1957 and 1977, whereas, animal population increased by 
nearly 6 million (40 per cent) Grazing lands everywhere are overused 
leading to a decline in vegetation too much trampling leading to soil 
compaction and sealing, damage to vegetation on sand dunes so that the 
sand dunes became bare and begin to move.^^ So arid ecosystems are 
fragile in nature. The inherent vulnerability of land and the intense 
vulnerability of land and the intense human and biotic pressure, combine 
to set in a process of desertification often within the arid zones. The 
Indian arid zone like other arid areas of the world, is a region highly prone 
to environmental degradation. However, this region has distinct climatic 
features of its own, different from other arid area, one of them being the 
influence of south-west monsoon over the region. This unique feature, 
properly made use of in conjuction with efficient land use, can provide a 
chance for developing a planned and viable technology for sustainable 
development of the Indian arid zone.'°° Thus, the general problem of 
Indian arid environment is essentially one of human ecology. Man has 
been one of the most important and active agents of biotic interference in 
the fragile ecosystem of arid zone of Rajasthan, over-exploitation of 
water, plant and land resources by man has disturbed the delicate 
ecological balance. Overgrazed lands, shrinking forests and eroded 
agricultural fields show the imprints of man's activities on his 
environments. The way of life of the people in the region and their source 
of livelihood have chiefly been conditioned by disturbances in ecological 
balance due to the severity of the arid climate. This has led to the 
degradation of vegetation and the diminution of crop potential decreasing 
productivity per unit area.'^' 
99. Chaudhry, K. Drought and Desertification In Global Status of Land Degradation 
and Desertification, ed. Cliauhan, TS. Printwell Publishers, Distributors, Jaipur, 
Vol. 1, 1998, p. 70. 
lOO.Ramakrishna, Y.S. Climatic Features of the Indian Arid Zone, Desertification 
Control in the Arid Ecosystem of India for Sustainable Development Eds. Surendra, 
Singh & Amalkar - Agro-Botanical Publisher - Bikaner, 1997, p. 34. 
101. Bharara, L.P. Human Resources of Indian Arid Zone, Desertification Control in the 
Arid Ecosystem of India for Sustainable Development. Eds. Surendra Singh and 
Amalkar. Agro-Botanical Publisher Bikaner (India) 1997, p. 118. 
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The deflation hollows, sand sheets sand drift, shifting dunes rills, 
gullies superfluous fluvial deposits, salt encrustations and surface crust 
arc the manifestation of desertification. The unprecendented occasional 
floods are also responsible for the desertification of the geomorphic flood 
zones in the form of sand casting, scouring, dissections and waterlogging. 
Thus both natural and accelerated process are the major causes of 
desertification and depletion of the biological productivity of different 
type of ecosystems.'^^ 
Thus, desertification is largely a man-made problem which leads to 
the environmental degradation of vulnerable lands. Arid and semi-arid 
lands may become prone to desertification if the limitations imposed by 
climate, available water resources, vegetation and soil are not respected 
through proper land-use practices. 
[02.Faroda, A.S. and Singh, Surendra Desertification Causes, Impacts and Future 
Trend in Indian Arid Zone, Desertification Control in the Arid Ecosystem of India 
for Sustainable Development, Eds. Surendra Singh & Amalkar. Agro-Botanical 
Publisher, Bikaner, 1997, p. 2. 
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Review of the Research Work 
A chapter on literature survey is liighly indispensible in a Ph.D. 
thesis. It furnishes the spectrum of information on the nature of research 
work already done by other scholars on the theme related to an individuals 
research area. Review of such a literature facilities the researcher a cogent 
understanding of the research problem, it helps to obtain the insights on, 
what is the trend of enquiry in the related field. What has been the 
research methodology adopted by various scholars? What are the major 
hypotheses in the work previously done? What is the strength of the 
previous works? And, what are the avenues on which enquiry has 
tangentially been attempted? All this, helps one recognise the scope and 
prospects of further areas and indicators of the research and the new vistas 
of enquiry. This suggests a new line of argument in research. Therefore, 
an exhaustive review literature is imperative in a doctoral research. 
Keeping in view this legitimate need, the review of the research works has 
been made on the major groups of desertification indicators and the 
overall problem. This includes Physical Indicators, Meteorological 
Indicators, Edaphic Indicators, Biological Indicators, Anthropogenic 
Indicators of Demographic structure and land use pattern and the problems 
of Monitoring and Management of the lands vulnerable to desertification. 
i) Physical Indicators 
Desertification in Western Rajasthan is generally associated with the 
contention of spreading and advancing sand. Early topographical surveys 
indicated that the great Indian desert of Rajasthan has been spreading 
outwards in a great convex arc through Ferozpur, Patiala and Agra 
towards Aligarh and Kasganj at the rate about half a mile per year for the 
last 50 years, and is encroaching upon approximately 50 square miles of 
fertile land every year.' The claim for the extension of the desert, 
however, did not find support from the large body of expert opinion then 
Report of the Planning Commission of the Government of India and its Five Year 
Plan (1951-1955). 
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available, as brought out in the proceedings of the symposium on the 
Rajputana Desert Organised by the National Institute of Sciences of India 
in 1952. Indeed, the meteorological record over the previous 70 years 
showed no significant change in rainfall, temperature, humidity and wind 
velocity over the desert areas and, therefore, no plausible cause could be 
made to support the contention of the progressive spread of the Rajasthan 
desert in recent years.^ 
Krishnan (1952) was of the opinion that "Desert conditions must 
have gradually set in well after man appeared, possibly in geologically 
sub-recent times.^ 
According to Ghosh (1952) the desert conditions in Western Rajsthan 
had deteriorated as compared with conditions obtaining during the period 
of Harappan culture (2300 B.C. to 1750 B.C.) and asla to some extent in 
relation to some later cultures which flourished in north-western India in 
the early centuries of the Christian Era."* He also reported that the desert 
establishment was associated with a snaky water supply together with an 
impoverishment of the land, later on it is shown that the Rajasthan 
culture, which occupied the same region during the early period of the 
christian era, had an adequate water-supply and that there was probably a 
partial resuscitation of the river system until its decay in the seventh or 
eighth century when the population seems to have turned to a nomadic 
existence. Nevertheless, Ghosh, mentioned that, according to the 
Mahabharata, generally placed in the early centuries of the christian era, 
Bikaner was arid during that period.^ 
Sankalia (1952) suggested that there are archaeological evidences 
which show that Rajasthan, Punjab and Gujarat were inhabited by man 
2. Pramanik et al. Meteorological Condition in the Extention of the Rajasthan 
Desert, Bull. Natn. Inst. Science India, No. 2, 1952 
3. Krishnan, M.S. Geological history of Rajasthan and its relation to present day 
conditions, Bull. Natn. Inst. Sci. India Vol. I, 1952, pp. 23-25. 
4. Ghosh, A. The Rajputana Desert its Archaeological Aspects, Bull. Natn. Inst. Sci. 
India Vol. 1, 1952, pp. 97-99. 
5. 7/)/^, p. 40 
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during the palaeolithic period.^ According to Pithawala (1952), Different 
landforms created by the exogenic and endogenic processes, particularly 
the sand dunes, are the spectacular features of the arid region of Western 
India.' 
On the west of the Aravalli, drilling for ground water has revealed 
the existence of a fault, thrown westward near Sardarshahar. The thickness 
of alluvium on the upthrow side is 60 metre, and on the downthrow side 
upto 230 metre. The fault is still mildly active and is obviously very 
young. Similarly, a fault has been identified near Banner to Ganganagar. 
West of Jalore, Jodhpur and Nagaur. It, too, is post Jurassic and could well 
be Tertiary. Thus, these faults, in combination with the Great Boundary 
Fault, make a large part of Rajasthan a horst that is still being uplifted. 
(Auden, 1952^ P.K. Ghosh 1952^). Hydrographic indicators of 
desertification are pertaining to changes in the Saraswati and Drishadwati 
rivers. According to F. Ahmad, Saraswati, in vedic times, was the most 
important river of the area occupied by the recently arrived Aryans. But 
by 1700 B.C. i.e. immediately before the Mahabharat, it had disappeared. 
The explanation lies in the fact that a graben developed in the sind area, 
and the western tributaries of the Saraswati, as also the Indus itself which 
progressively migrated westward. The area was at that time occupied by 
the Indus valley civilization people and as the ox-bow lake, and 
abandoned channel became the breeding ground for mosquitos. Malaria 
and Kalaazar became endemic and a large population died. The sites were 
later hurried in a progressively down warping area, and had just started 
showing up their heads in mounds that resisted erosion. 
Sankalia, H.D. The condition of Rajputana in the past and deducted from 
Archaeological evidence, Proc. Symp. Rajputana Desert Bull. Natn. Sci. India 
1952, p. 45. 
Pithawala, M.B. The Great Indian desert - A geographical study Bulletin, 
National Institute of Science, India, Vol. 2, 1952, pp. 137-151. 
Auden, J.B. Some geological and chemical aspects of the Rajasthan salt problem, 
Symp. on Rajputana Desert Proc. Nat. Inst. Sci. Ind. Bull.I, 1952, pp. 55-57. 
Ghosh, P.K. Western Rajasthan - Its tectonism and minerals including evaporites, Symp. 
on Rajputana Desert Proc. Nat. Inst. Sci. Ind. Bull., 1952, pp. 101-132. 
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On the other hand, as the Delhi Ridge started rising, its rejuvenation 
of the Yamuna, resulted into the piracy of the Drishadwati catchment. 
These changes finished the Saraswati for all times to come. The new 
snow-fed Yamuna changed its course and began to flow into the gulf of 
cambay. It later abondoned this channel which is presently occupied by 
the chambal and the Mahi just before these tributaries abondoned the 
Saraswati, the Aryans arrived on the scene and wrote the vedas, around 
1700 B.C. Western Rajasthan was the gift of these numerous major 
streams and as they changed their courses it became a desert which it 
otherwise might not have been. Man did not play any significant part in 
this and is unnecessarily maligned, this is certain."^ Numerous 
archaeological sites of early developed cultures are found along the old 
courses of the Saraswati river and its tributaries like the Drishadwati. It 
reveals that river water was main source behind the development of these 
riverine cultures. The human adoptation pattern in the Thar desert has also 
undergone changes from hunter-gatherer to food producer stage. The 
urban cultures of Kalibangan and Harappa emerged, flourished and 
declined in and around the Thar." 
Gupta (1958) studied the mineral composition of some soils and 
sands of Rajasthan desert. In the heavy mineral group in all samples 
hornblende predominates, other mineral namely garnet, magnetite, 
limonites, tourmaline Kyanite and epidote are present in varying 
proportions but next to hornblends. In the higher fraction Quartz 
predominates with orthoclase and plagioclase coming next, it was further 
observed that composition of aeolian sands does not bear any resemblance 
to the local rocks, where they exist, it shows that they are exotic i.e. 
brought in and deposited.'^ 
Wadia (1960) expressed that the onset of aridity was the major cause 
of the extinction of the Riparian, Harappan and Kalibangan civilisation. A 
10. Ahmad, F. Tectonism and the Evolution of the Rajasthan Desert, Proc. Indo-U.S. 
• Workshop on Arid Zone Research 9-14 Jan. 1984, Jodhpur, p. 86. 
11. Sankalia, H.D. The Condition of Rajputana in the past as deduced from 
archaeological evidence, Bull. The Rajputana Desert, Op.Cit. 1952, pp. 43-50. 
12. Gupta, R.S. Journal Indian Soc. Soil Sci., Vol. 6, 1958, pp. 115-116. 
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well knit river system existed in the desert until recent times. The 
deterioration of climate, the rise of the Himalayas, the lowering of the 
Aravallis, important changes in the river system, e.g. the diversion and 
disappearance of three classical rivers (The Yamuna, the Saraswati, and 
the Ghaggar) and the lowering of the underground water table caused 
increased aridity in the area.'-' 
In western Rajasthan the coarse texture-weak structure soils having 
30 per cent coarse sand mixed with 1.5 per cent silt and nearly 2 per cent 
clay abound in Barmer, Bikaner, Churu, Jaisalmer and south western parts 
of Jodhpur. In most of these areas the soils are almost entirely covered by 
a thick mantle of b b w n sand which inhibits the soil growth.' ' ' In the soils 
of western Rajasthan there is lack of alluvial horizon indicating the 
absence of any strong leaching effect. The soils thus belong to moderately 
to weakly leached category with calcareous horizon.'^ 
Raikes and Dyson, 1961'^ "Raikes 1964, Dales 1966'^ mentioned 
that there was not appreciable climatic change in the south Asian region 
during the last four to five thousand years and that it was not the climatic 
change but the flooding of the river, with a major flood about once in 140 
years which weakend and sometimes devasted the organisational structure 
of the Indus valley civilisation so that the more remote areas to the north 
became vulnerable to outside pressures. 
Roy and Pandey (1970) are of the opinion that 'The Thar desert is 
neither expanding nor encroaching but has been occupying essentially the 
same position since its origin.'^ 
13. Wadia, D.N. The past glacial desiccation of Central Asia, Monogr. Natn. Inst. 
Sci. India, Vol. 10, 1960, pp. 1-25. 
14. Ahmad, A. Human Geography of the Indian Desert, Unpublished Ph.D. Thesis, 
Department of Geography, A.M.U., Aligarh, 1962. 
15. Abichandani, C.T. Genesis, Morphology and Managenient of Arid Zone Soils, 
Proc. of Symp. on Prob of Ind. Arid. Zone, New Delhi, 1964, pp. 122-128. 
16. Raikes, R.L. and Dyson, R.H. The Pre-historic Climate of Baluchistan and the 
Indus Valley, American Anthropologist, 63(2), 1961, pp. 265-281. 
17. Dales, G.F. Recent Trends in the Pre and Proto-historic archaeology in South 
India, Proc. Am. Phil. Soc. 110(2), 1966, pp. 130-139. 
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Proceeding of the Indian National Science Academy, Vol. 36, 1970, pp. 331-344. 
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Amal Kar et al (1977) examined the creep and deterioration of 
Indian desert on the basis of some physiographic and topographic 
parameters. They identified Indian desert as a true desert. They considered 
the creep of the desert in relation to the increase and decrease of desertic 
sand the extent of sand dunes, water table and climatic phenomena 
drainage system and soil. They mentioned the causes of the deterioration 
of the condition within the desert.'^ 
Singh S. of CAZRI 1988, 1992, 1994, 1995 has undertaken detailed 
studies on the desertification hazards on different geomorphic units in 
western Rajasthan and has also suggested environmentally compatible 
land-use practices on different geomorphic units to combat 
desertification. 
Singh, S. et al. (1992) made an important attempt to map the 
desertification hazards in Western Rajasthan on the basis of UNEP (1990) 
definition of the term desertification. This study mapped desertification 
hazards in several land use system in different water availability zones.•^° 
Singh, S. (1995) analysed that significant variation detected from the 
multidate and multispectral satellite images and ground truth on the 
climatological, physical and biological resources have conclusively 
proved that Indian desert is not spreading towards east and north east. He 
further acknowledge that due to increasing human activities and climatic 
fluctuations in the last few decades the desertification processes like wind 
crossing deposition, water erosion, salinity/alkalinity and vegetation 
degradation have depleted the biological productivity of different land use 
systems.^' 
The rapidly encroaching desert, massive losses of rich top soil due to 
inappropriate land use practices, over-cultivation, overgrazing and 
19 Kar, A el al A geographical appraisal of the expansion and deterioration of the 
Indian deseret, Annals of Arid Zone, Vol. 16(8) CAZRI, Jodhpur, 1974, pp 281-
289 
20 Singh, S. et al Desertfication Mapping in Western Rajasthan, Annals of And 
Zone 31(4), CAZRI, Jodhpur, 1992, p. 237. 
21. Singh, S. Desert-spread and Desetification some Basic Issues, Annals of And 
Zone Vol. 34, No. 2 CAZRI, Jodhpur, 1995, p. 87. 
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deforestation have been identified as a major constraints to sustained 
socio-economic development of many developing countries in trop^ical 
zone. Arid and semi-arid lands, together with their sub-humid margins, 
compromise what are called 'dry zones'. Dry regions or dry lands "and 
cover an area of 45 million Km^. It is in this area that desertification is 
taking place and endangering the livelihood of some 630 million 
inhabitants.^^ 
It has been inferred from the study conducted in western Rajasthan 
and two case studies in representative areas that natural and anthropogenic 
factors such as water erosion, wind erosion/deposition, salinity/Alkalinity 
and water-logging are responsible for the desertification of various 
ecosystems of these areas. Accelerated wind erosion/deposition in the 
dominant desertification process, particularly in the west of 300 mm 
isohyet resulting in the reactivation of stabilized dunes and sand 
movements. Rate of sand movement recorded here were varies from 1.5 to 
25m per year which engulf large acreage of the aeolion ecosystems in the 
form of sand sheet, dunes and sandy hummocks and deplete their 
biological productivity. It has also been observed that due to deflation 
process the sands have been deflated from the cultivated fields upto 10 to 
50 cm depth and their fertility status is reduced to a great extent. In the 
Indira Gandhi Canal Command Area, large acreage of land has been 
desertified/degraded by salinity/alkalinity and waterlogging.^-^ 
Singh S. (1987) analysed fourteen major ecosystems landscape 
created by endogenic and climatologically controlled exogenic processes 
operated over various rock types. The fluvial processes created vast 
alluvial plains under prolonged wet phase. The sand dunes and sandy plain 
were formed by aeolian processes during the prolonged dry phase.^'' 
22. Skoupg, J. Raising the Productivity of Arid Lands, Global status of land 
degradation and Desertification in the World, Vol. 2, 1997, p. 347. 
23. Fareda, A.S. and Singh, S. Desertification causes, Impacts and Future Trends in 
Indian Arid Zone, Desertification control is the Arid Ecosystem of India for 
sustainable Development Ends Surendra Singh and Amalkar Agro. Botanical 
Publisher (hidia ikaner 1997, p. 17. 
24. Singh, S. Ecological Impact of Irrigation on bio-physical potential of land forms 
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Alluvial history of north western India is complex because of the 
area lies between the rising Himalayas, which provide abundant erosional 
debris and the changing sea levels of the Arabian Sea. The tectonic setting 
is probably the principal factor controlling alluviation in this area, which 
has deposited more than 600 m of geologically young sediments in the 
Indus valley. This factor makes it difficult to detect the more sabtle 
changes induced in the river systems by climatic change. The smaller 
rivers that flow through Rajasthan and Gujarat, however, may be more 
sensitive recorders of shifting climate.-^^ 
Salinity 
Auden (1950) reported that the ground water of Western Rajasthan 
are generally highly saline which leads to desertification.^^ Taylor et al. 
(1953) stated that most of the well waters of Pali region are moderate to 
highly saline with an average chloride concentration of 1000 ppm.^^ 
Ghosh, B. et al. (1968) made their study at Luni region. They 
found that the region has been affected both by water and wind erosion 
but the damage caused by the later is more severe and consipicuous. The 
water erosion is limited to the hilly and piedmont areas. The western and 
north-western part of the region have been affected from slight to severe 
wind erosion which has led to the fertile land to the waste land.^^ 
Bali, Y.R et al. (1911) estimated that of the 329 million hactares of 
geographic area of India some of 167 million hectare have been suffering 
from different kind of degradation such as, water erosion (90 million ha) 
wind erosion (50 million hectare) salinity and alkalinity (7 million ha) and 
flooding (20 million ha) another 20 million hectare in the canal irrigation 
areas under risk of becoming degraded.•^^ 
25. Farrand, R.W. An overview of late Quaternary history and Geo-Archaeology of 
North-western India, Proc. hido-U.S. Workshop on Arid Zone Research 9-14, 
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Water demand in desert is mainly met from ground water resource. 
Unconsolidated or semi-consolidated aquifers are potential source of water 
in desert region of Rajasthan. These often lie adjacent to saline aquifers 
and receive insignificant replenishment due to water deficit climatic 
conditions low and erratic rainfall, co-efficient of variability exceeding 50 
(Krishnan and Thanvi 1974)-''^  and evapotranspiration more than ten times 
the annual rainfall, rarely leave surplus water available for recharge to 
aquifers. Ground water exploitation without adequate recharge has 
affected desert ecosystem. Water levels are depleting and deterioration of 
chemical quality of ground water of ingression of saline water and 
reduction of yield of well have become common.^' 
Ground water resources and their exploitable potential, yield of 
wells and chemical quality of water depend upon hydrogeological 
formations.^^ 
The interplay of climate and man's activity have affected desert 
ecosystem. Water levels in parts of the Canal Command Area. The level 
remained almost unchanged. In the inland drainage area they exhibit 
depleting trend, being steep in Nagaur district followed by Sikar, 
Jhunjhunu and Jodhpur district. In the Luni basin water level changes in 
water level together with effluents from industries and leaching from 
chemical fertilizers have increased salinity of ground water. However, its 
extent varies significantly in different parts of desert.^^ 
The central and western parts within the arid region of Rajasthan 
are comprised of sandy plains and have very low surface water potential. 
The flow from the hilly catchments occur in response to torrential rains. 
The inhabitants in the region rich in experience have evolved their own 
30. Krishnan and Thanvi 1974. 
31. Paliwal, S.C. and Sharma, D.C. Trend of Ground Water levels amd their Impact 
on Arid Ecosystem of Rajasthan, Desertification Control in the Arid Ecosystem of 
India for Sustainable Development Eds. Surendra Singh & Amalkar. Agro 
Botanical Publisher (India) Bikaner, 1997, p. 159. 
32. Ibid, p. 159. 
33. Ibid, p. 159. 
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syslem for harnessing meagre precipitation for human and livestock 
consumption and for biomass production in small patches.-^'' 
According to Rhodes (1990) salinization associated with irrigation 
schemes is a widely accepted cause of the productivity in dry land.-'^  
Khan (1996) studied about 1 per cent area in north-west arid zone 
of Rajasthan occupied by the Canal Network. The terrain of this zone is of 
sandy nature and therefore, seepage losses are very high. At many places 
below sand cover, sub-surface barriers of clay and gypsum are found 
which restrict vertical movement of water through them.-^ ^ 
According to Rosin (1993) the ground water in western Rajasthan 
is generally associated with the joints, fissures and cavities in hard rocks 
and extensive alluvial and aeolian deposits.-^^ 
Khan (1997) studied Indira Gandhi Canal Command project which 
was planned to bring about a significant transformation in the desert 
ecosystem. But intensive Canal Irrigation, poor canal maintenance and 
mis-management have created large number of adverse effect viz. seepage 
and waterlogging, soil salinity, soil erosion, continuous rise in water 
table.^ ** 
Bithu (1984) reported that out of 7000 km^ of project area 513 km-
(7.3 per cent) has become water logged and about 24 per cent area is in 
danger if the present rate of static water table is allowed to rise. On stage 
II about 354 km^ area is potentially vulnerable to waterlogging on 
intensive irrigation. The alluvial and interdune plains having gypsiferrous 
34. Khan, M.A. Upgraded village pond (nadi) to ensure improved water supplies in 
arid zone, Water and Irrigation Review 1989, pp. 20-22. 
35. Rhodes, Sand Storm in a tea cup-understanding desertification, The Geographical 
Journal Royal Geographical Society London Vol. 159, Part 3 Nov. 1993, p. 324. 
36. Khan, M.A. Water Resources of Indian Arid Zone, Desertification Control in the 
Arid Ecosystem of India for sustainable Development eds. Singh, S. & Amalkar, 
Agro-Botanical Publisher, Bikaner, 1997 p. 
37. Rosin, R.S. The tradition of ground water irrigation in north-western India, 
Human Ecology, 1993, pp. 51-86. 
38. Khan, M.A. Water Resources of Indian Arid Zone, Desertification Control in the 
Arid Ecosystem of India for sustainable Development eds. Singh, S. & Amalkar, 
Agro-Botanical Publisher, Bikaner, 1997 p. 
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sediments and clay barriers with the profile, are responsible for 
aggravation of waterlogging and salt infestation problem.^^ 
Wind Erosion 
Singh, G (1952) prepared a map on the basis of old and recent 
survey of increase and decrease of wind blown surfaces which indicated 
an extension of the desert towards the east. However, the fact that in some 
areas sand formation have developed, whereas in others they have 
diminished is no conclusive proof of the movement of the desert.'*'^  
Singh et al (1978) made their study at Luni development block of 
Jodhpur district. They estimated that before 1958 about 23,120 ha of land 
was affected by deflation, sand sheeting and minor sandy undulation due 
to the combined effect of natural processes and human activities, while 
another 1990 hectares land was affected between the years 1958 and 1977. 
If the present trend of exploitation continues, another 1800 hectares of 
land, mostly in the sandy undulating terrain is likely to be affected in near 
future '*' 
The observation made by Krishnan (1977) shows that in arid 
regions dust blows upto 7000 to 10,000 m height ^'^ 
According to an estimate about 6000 metric tonnes of top soil is 
lost by wind and water erosion every year. Gupta and Agarwal''-' (1980) 
recorded a loss of 9.66 cm and 0.17 cm top soil layer from a bare and 
stubble covered sandy plain, respectively, during April to June 1977 
39 Bithu, B D Environmental impact assessment of water resources project in and 
region, Proc International Seminar on Environmental Impact Assessment ofWater 
Resources Projects Roorkee, 1985, pp 62-87 
40 Singh, G rhe Rajputana Desert Geography, Proc Rajputana Desert Bull Natn 
Sci India, 1952, pp 151-152 
41 Singh, S et al Geomorphic changes as evidence of palaeo-chmate and 
desertification in Rajasthan desert India (Luni Development Block - A case 
study), Man and Environment, Vol. 2, 1978, p 7 
42 Krishnan, A A climatic analysis of the and zone of north-western India, Desertification 
and Its control ed RL Jaisalwal, ICAR, New Delhi, 1977, PP 42-57 
43 Gupta, J P , Agrawal, RK Sand Movement Studies Under different land use 
conditions of western Rajasthan, And Zone Research and Development (ed H S 
Mann) Scientific Publishers, Jodhpur, 1980, pp 109-114 
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Zhu (1984) studied desertification in China. He divided the 
desertified lands into four groups latent desertification, ongoing severe 
desertification and very severe desertification As indicators of 
desertification he proposed the following two criteria, percentage of land 
occupied by moving sand dunes, and percentage increase in the area of 
moving sand dunes.'''* 
Smgh, H.P. (1985) stated that the problem encountered in the area 
are wind erosion, deposition and movement of sand dunes, low soil 
moisture storage, instability of soil structure, and poor soil fertility etc. 
The wind erosion is one of the most severe problems of land 
degradation.''^ 
According to Yadav (1986), movement and deposition of sand is 
most important reason for degradation of otherwise productive lands. Out 
of 175 million hectares area estimated to be degraded in the country, 60 
million hectares is reported to be due to wind erosion alone.''^ 
Dhabaria (1988) reported that the mobile sand through aeolian 
processes is drifting from western desert to the eastern fertile plain 
ecosystem through twevle gaps and extending the horizon of the Great 
Indian desert towards the east and north-east.'''' 
Ramkrishna et al (1990) reported the barchan dunes of 2 to 8 m 
height and located near settlements such as Sundara, Shergarh, Balesar, 
Pokaran, Ramgarh, Godul, Rajasar, Churu, Sikar and Elanabad etc. move 
by 3 to 45 m year, encroch on the agricultural lands and reduce their 
productivity by 12 to 20 per cent. The unstable barchan and stable 
parabolic dunes in Shergarh area have moved in the north and north-east 
direction by 7 m. and 0.5 m per year respectively. The maximum sand 
44 Zhu, Zhenda. Desertification processes and their reversion in and and semi-arid 
lands in China. Intern Symp. Integrated Control of land Desertification, Ladzhon, 
1984, p 15 
45 Singh, H.P. Management of desertic soils" Review of Soil Research in India part-
II, Proc 12th Ins. Cong. Soil. Sci. New Delhi, 1985, p 680. 
46 Yadav, J S P Degradation and Crop Production Problems of Sod and Water 
Resources in India, Journal Indian Soc. Soil Sci Vol. 34, 1986, pp 660-672 
47 Dhabaria, S S Desert Spread and Desertification An analysis of the Identified 
Aravalli, Gaps on the Desert Fringe, Environments Jaipur, 1988, p 54 
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erosion from both type of dunes was recorded in the month of July due to 
high wind speed ranging from 6 to 20 kmph/^ 
According to Faroda, A.S. and Singh, S. (1997) sand drift caused 
by accelerated wind erosion/deposition process, the roads and railway 
tracks are hurried under sands and pose serious problem to the traffic 
ability of vehicles such phenomena are very common in Lothal-Sikar-Sri 
Madhopur, Fatehpur, Pulsana sector in Sikar district, Balesar, Sergarh-
Jaisalmer Kelansar and Osian-Sanuran-Dabri, Lohwat sectors in Jodhpur 
district, Barmer-Shiv, Dhorimanna, Chohtan, Bhakasar, Gandhar, 
Pachpadra-Dudwa, Baytu sector in Banner district, Shahgarh-Ramgarh, 
Sam, Tanot and Plalsand-Pokaran, Baniyana sectors in Jaisalmer district 
and Balaji-Deshnokh-Bikaner, Mahajan sector in Bikaner district. During 
sand storms the traffic is blocked and accident occur, air-transportation is 
adversely affected electrical and communications lines are damaged and 
communication to different cities and town disrupted.''^ 
They also studied in Sikar district and adjoining region out of 
13,736 km^, the largest area 3868 km^ (28.1%) of the agricultural and 
grazing land has been desertified by slight wind erosion/deposition, 
followed by moderate wind erosion/deposition 1466.7 km^ (10.7%) and 
severe wind erosion/deposition and water erosion processes have 
degraded/desertified 1123 km^ (8.2%) area under different land use-
system.^° 
Singh et al. (1992) estimated that out of 2,08,751 km^ area in 
western Rajasthan 68.4 per cent area is desertified by slight, moderate, 
severe and very severe wind erosion/deposition hazard and 7.2 per cent by 
combined effect of wind erosion/deposition and water erosion hazard 
under different landuse system. In the adjoining areas comprising of the 
48. Ramakrishna et. al. Moisture, thermal and wind measurement over the selected 
stable and unstable sand dunes in the Indian desert. Journal of Arid Environment. 
Vol. 19, 1990, pp. 25-38. 
49. Faroda, A.S. and Singh, S. Desertification-causes Impacts and Future Trends in 
Indian Arid Zone, Desertification Control in the Arid Ecosystem of hidia for 
Sustainable development. Eds. Surendra Singh & Amalkar, Agro-Botanical 
Publisher, Bikaner 1997, p. 8. 
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desert border district of Ajmer, Jaipur and Sirohi considerable area of tiie 
agricultural lands has been degraded due to the localised sand drifting and 
sand sheeting activities. In Pushkar valley and its environs, 28 per cent 
area has been desertified by wind erosion/deposition and 18 per cent by 
combined effect of wind erosion/deposition and water erosion.^' 
ii) Meteorological Indicators 
Qazi Ahmad, S.U. (1951) in his classification of the climates of 
Pakistan emphasized the consideration of the effectiveness of 
precipitation, efficiency of temperature, influence of winds and work of 
rainwater along with all these climatic elements.^^ 
Walker (1919) noticed that there was no proof to suggest any 
permanent climatic change in the rainfall of northwest India. He found that 
rainfall tended to increase to a maximum between 1892 to 1894 and to 
decrease to a maximum between 1892 to 1894 and to decrease to a 
minimum in 1899 and improve slowly thereafter.^-^ 
Banerji, S.K. (1952) observed that there had been a slight decrease 
in rainfall during the last 50 years ending in 1950s in Rajasthan except at 
the station situated in the Aravallis. The rainfall conditions seemed to have 
maintained their standards in the Aravallis mountain because of an 
additional orographic support and also due to the good vegetation cover 
which helps to induce the rainfall mechanism.^'' 
Pramanik et al. (1952)^5, Roy (1954)^6 and Rao (1958)" analysed 
the meteorological data of Rajasthan and neighbourhood to see whether 
5 1 . Ibid, p. 5. 
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53. Walkar, G.T. On the meteorological evidence for supposed changes of climate in 
India. India Meteorological Department. Pune Memoirs, Vol. 2. 
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the Rajasthan desert was encroaching upon the adjoining fertile plains. 
They found that there had been neither accentuated nor extension of the 
Rajasthan Desert. Similar conclusions were arrived by Desai (1952)^^ from 
a polynomial analysis of monsoon rainfall of Gujarat. Pramanik and 
Jagannathan (1953)^^ in their further analysis, noticed that the distribution 
of rainfall particularly over arid and semi-arid regions of north-west India 
and semi-arid regions of Deccan, showed a general tendency for dificient 
rainfall to be more frequent. 
Rao and Jagannathan (1963) analysed two sets of rainfall data of 
Rajasthan and Gujarat and found little difference between the two sets. 
They found that the year to year variation of rainfall were random.^*' 
According to Bryson (1971), the atmosphere over north-west India 
could be one of the major factors responsible for the mid-topospheric 
divergence and less rainfall inspite of abundant moisture availability in the 
atmosphere.^' 
Banerji and Raman (1976) analysed 100 year rainfall data and 
observed a decreasing trend from 1890 to 1905 over north-west India. 
After this period the rainfall was mainly oscillatory.^^ 
Chowdhury and Abhyankar (1976) analysed the 70 year rainfall 
data of Gujarat and found that the rainfall series did not exhibit presence 
of any trend, cycle or persistence. It was also considered not feasible to 
anticipate the years of poor rainfall based on the post data.^^ 
Krishnan, A. (1977) calculated the annual rainfall data of 85 years 
(1891-1975) to determine significant changes in the rainfall during the 
recent decades in the arid zone of north-west India. He marked in most of 
58. Desai, B.N. Symposium on the Semi-arid tracts of India and their development, 
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the stations the pattern of annual rainfall is the decrease from 1956 to 
1969 and increase thereafter. He indicated that during 1951-1977 there 
was an increasing trend in the incidence of dust storm, while rainfall 
shown decreasing trend. He also noted that the aridity index line has 
shifted eastward between the first and second half of the 20th century. 
Especially in Ganganagar, Bikaner, Churu and Jodhpur districts. The 
implication of this eastward shift of aridity index line that desertic 
condition are extending towards the east especially in southern region.^'' 
Krishnan, A. and Thanvi, K.P. (1977) observed the mean annual 
rainfall in Western Rajasthan varies from 100 m.m. in the north western 
sector of Jaisalmer district to 600 mm in South Eastern part of Pali district. 
The general decreasing gradient is from South-East to North-West and also 
found the variation in rainfall. They computed rainfall data and found the 
co-efficient of variation of annual rainfall varies from less than 40 per cent 
in Sikar and Jhunjhunu district to more than 70 percent in Western 
.Jaisalmer and Banner districts. This variation is a major cause of 
desertification.^^ 
The rainfall regime of Jodhpur has been studied from 1901 to 1975 
over a period of 75 years. The analysis of various daily rainfall data reveal 
that average annual rainfall at Jodhpur is 366 mm most of the rainfall 
comes from the South-West monsoon. Over 80 per cent of the rainfall is 
recorded during the month of July, August and September. During the 
short rainy season the rainfall reliability is highest in the month of July.^^ 
Ramana Rao (1983) analysed the important climatic factors i.e. 
temperature and humidity which directly influence the human activity in 
the arid Rajasthan.^^ 
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north-west India, Annals of Arid Zone, Vol. 16, No. 3 CAZRI, Jodhpur, 1979, pp. 
302-309. 
65. Krishnan, A. and Thanvi, K.P. Quantification of Rainfall in Different Regions of 
Western Rajasthan, Annals of Arid Zone, CAZRI, Jodhpur, Vol. 16, No. 2, 1977, 
pp. 185-194. 
66. Technical Bulletin. Improved Dryland Agriculture for Western Rajasthan, No. 2, 
1976, p. 2. 
67. Ramana, Rao, B.V. et. al. A notes on Human discomfort dueto excessive heat and 
humidity in arid region of India, Annals of Arid Zone, CAZRI, Jodhpur, Vol. 22, 
No. I, 1983, pp. 37-39. 
64 
The arid zones of India are associated with extreme temperature 
i.e. both the maximum and minimum. Maximum temperature rearch upto 
50 °C and minimum values go down to -2.5°C or even less over some 
extreme western parts. Highest maximum temperature so far recorded was 
50° at Ganganagar and the lowest of-5.9°C at Jaisalmer.^^ 
Kolarkar (1984) was in opinion of the rate of over exploitation and 
thus misappropriation of marginal lands varies with aridity.^^ 
Krishna and Kushwaha (1973) have on the basis of multiple 
analysis of evaporation during the growing-season of vegetation in the arid 
zone of India. He identified that the main factors as saturation of deficit at 
the maximum temperature period and daily wind speed.'^ ^ 
Mensching (1980) studied in Sahel desertification is caused mainly 
by high variability of annual precipitation rate.^' 
Dauley, H.S. and Henry, A.''^ (1987) analysed the data of 80 years 
(1901-1980) for the typical desert district Jodhpur and concluded that the 
monsoon normally sets in last week of June and withdraws by the second 
week of September. This limits of the moisture availability period in the 
crop growing season to nearly 75-80 days and restricts the choice of the 
crops that can be grown in the region. 
Alvi, S.H. (1991) stated on the basis of study of land degradation 
in Sudan that the rising temperature, declining rainfall, deficient cloud 
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70. Krishna, A. and Kushwaha, R.S. A multiple regression of analysis of evaporation 
during the growing reason of vegetable in the arid zone of India, Agri Metor. Vol. 
12, 1973, pp. 197-307. 
71. Mensching, H.G. Desertification Assessment and Mapping : A Case Study of 
Turkmenistan USSR by Khan, G. Nikoii. In Annals of Arid Zone CAZRI, Jodhpur, 
Vol. 25, No. 1, 1986, p.3. 
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cover coupled with water shortages and over-grazing in semi-desert region 
of Sudan point to straining eco-system in Sudan7^ 
Warren and Khogali (1992) consider, desiccation to be a further 
useful term to describe environmental fluctuation in drylands.^'^ 
Singh, S. et al. (1994) demarcated the dominant processes of 
desertification below 300 mm annual rainfall zones of Western Rajasthan. 
In less than 300 mm rainfall zone of the western front the dominant 
process of desertification were identified in wind erosion/salinization on 
the other hand, in more than 300 mm rainfall zone of the eastern front the 
dominant processes of desertification were acknowledged as water erosion 
and wind deposition which result in the degradation of cropland and the 
pastures^^ 
According to Rao, A.S. (1997) Drought is referred to the 
significant reduction in rainfall or water resources from its normal 
conditions. The high inter-annual variability in rainfall is the root cause 
for frequent drought and low crop production.^^ 
The Natitonal Commission on Agriculture (NCA, 1976) considered 
agricultural drought to occur when soil moisture and rainfall are 
inadequate during the growing season to support-healthy crop growth to 
maturity and cause extreme crop stress and wilt.^^ 
iii) Edaphic Indicators 
The various forms of soil degradation, often related to land use 
practices that overtax the system, includes erosion, salinization and 
waterlogging and chemical degradation. 
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Gupta (1958) studied the minerological composition of some soils 
and sands of Rajasthan desert. In the heavy mineral group in all samples 
hornblende predominates, other minerals, namely garnet, magnetite and 
limonite, tourmaline, kyanite and epidote, are present in varying 
proportions but next to hornblende. In the higher fraction quartz 
predominates with orthoclase and plagioclase coming next. It was further 
observed that the composition of aeolian sands does not bear any 
resmeblance to the local rocks, wherever they exist. It shows that they are 
exotic i.e. brought and deposited.^^ 
Krishnaswami and Gupta (1952) and Gupta (1953) have found that 
the desert lands are not waste and infertile but are suitable for growing 
crops.'^ 
Singh, R.P. (1949) analysed that overgrazing and trampling by 
animal is potent cause of the depletion of the top soil. No quantitative data 
are available to show the extent of the loss of fertility through wind 
erosion. But from the prevalent agricultural conditions in the area, it can 
be safely concluded that it has certainly brought some deterioration in the 
physical properties and fertility of the soil.^° 
Ahmad, A. (1963) studied the soil of Western Rajasthan are very 
different from place to place. The soil in north eastern part is composed of 
fine silt. They are predominantly sandy in nature, with poor moisture 
holding capacity and good permeability.^' 
Ghose et al. (1966) have shown that the old aggraded alluvial plain 
to be the dominant geomorphic unit in the Central Luni Basin.^^ 
Ghose et al. (1968) have broadly grouped the soils of the Western 
Rajasthan under five main soil associations, desert soils, dune soils, 
sierozems, brown light loam and grey brown loams and saline soils.^^ 
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Raheja and Sen (1964) reported that about 58 per cent of arid 
Western Rajasthan is covered by moving and semi-stablished sand dunes 
of 60 to 100 m in height.^4 
Randhawa, M.S. et al. (1968) studied that the desert soils are 
loose, structureless and well drained with rapid permeability. The fertility 
status of the soils is poor, organic matter on an average varies from 0.2 
per cent to 0.3 per cent nitrogen and available phosphorous is less than 
0.22 per cent and 0.004 per cent. The cultivation is strictly limited due to 
climatic hazards and moisture deficiency.^^ 
According to Bhumbla, D.R. and Abrol, l.R the saline soils occur 
in arid, semi-arid and coastal areas. Irrigation without provision of 
drainage leads to salinization. The main factors of salinization arc high 
salt content in the soil profile or salt layer, high water table and seepage 
from canals and ingress of seas.^^ 
According to Lai R. (1985) soils with edaphologically inferior 
subsoils and a shallow rooting depth, crop yield will decline as surface 
soil thickness is reduced. Further more fertilizer can not compensate for 
surface soil loss. Soil mis-management can really lead to irreversible soil 
degradation and loss of natural resource base.**^  
Kolarkar (1994) reported that dune soils are dominant is about 33 
per cent area and sub-dominant associates is another 25 per cent area and 
occur in almost all the arid district. The sand dunes are of different type 
viz. parabolic, coalesced parabolic, transverse and barchan. Among these 
dunes, parabolic and coalesced parabolic are dominant varying in height 
from 10-40 m.^ ^ 
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Handson (1997) reported that land degradation due to soil erosion 
is more intensive in deserts and semi-arid regions than in sub-humid and 
humid regions.^^ 
Kolarkar, D.C. et al. (1997) reported regarding arid zone of India 
located in north-western part of the country, because of low rainfall (< 100 
to 400 mm), high temperature, very deep saline and brakish ground water 
the area suffers from Aridity and frequent drought. However, the region is 
endowed with a variety of soils. The soil cover ranges from fine aeolian 
sandy to medium textured alluvial and often dark redish brown fine 
textured colluvial soils. This variation in soils is mainly attributed to the 
nature of parent material and also the history of landscape evolution. 
Weathering of minerals and pedogenic manifestation, within the profile are 
minimum. Low organic matter, high salinity, segregation of lime and aridic 
moisture regime are their peculiar characteristics which distinguish them 
from the rest of Azonal soils.^° 
iv) Biological Indicators 
Botanical poverty and the absence of adequate soil protection 
render the region highly vulnerable to desertification. 
Ahmad, A. (1963) stated that in the western part of Rajasthan, 
there is extremely poor and discontinuous vegetation consisting of a few 
widely spaced herbs, grasses, shrubs, dwarf shrubs, occasional solitary 
stunted trees, scattered over land with patches devoid of any traces of 
plant life due to rarity of rainfall.^' 
Prakash, 1. (1976) stressed over the zoogenic activities like digging 
of burrows and destruction of plants and plant roots by the rodent are also 
contributing to the acceleration of sand drift from the sand dunes and 
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sandy plains in rodent infested areas. The density of burrows network on 
stablised dunes varies from 100-350 per square hectare.^^ 
According to Vishnu Mitre (1977). The palaeobotanical evidences 
indicate an increasing trend in aridity since the miocene times in Western 
India. This trend was responsible for the increase in deciduous elements 
in the semi-evergreen forest with moist equable climate which had existed 
in the north-western and western India since eocene times. It is during the 
early to mid-quaternary, most probably, that the repeated fluctuations in 
temperature and precipitation caused the formation of the desert and 
overall aridity in Western India.^ -^  
Shankar, Vinod and Dadhich, N.K. (1977) noticed that protection 
led to improvement in the species diversity and richness. They also found 
that wind is major ecological factor in the distribution of species on 
windward and Leeward sides of the dunes, and according to them 
protection also improved herbage yield.^ "^  
According to Saxena, S.K. (1977) over exploitation of the Natural 
Vegetation by the way of overgrazing and removal of tree species for fuel 
and other purpose and cultivation of marginal lands like sand dunes etc. 
lead to a series of ecological changes in the desert area of Western 
Rajasthan due to which the whole tract becomes susceptible to erosion 
hazards and this finally leads to desertification.^^ 
Shankarnarayan (1985) analysed the limitation of climate and soil 
conditions permit a relatively poor and sparse vegetation of different 
habitats in the Indian Arid Ecosystem. Even this meagre vegetation has to 
sustain the ever increasing livestock in this area. In fact, livestock has 
increased by 58.18 per cent from 1961 to 1981 in the Indian arid zone. 
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grazing land area available per livestock has, therefore, shrunk by 8 to 91 
per cent in different arid districts.^^ 
According to (Mertia^'', 1976, and Saxena^^l977). The vegetation 
of the desert tract is quite sparse and consist of limited number of species. 
Forest covers negligible proportion of the area (0.69%) while fallow lands 
other uncultivated areas and areas not available for cultivation together 
amount for 63.69 per cent. The remaining proportion is the cropped area. 
The exploitation of vegetation by man and animals is so severe that vast 
stretches of land have become almost devoid of trees. 
Most of the studies focus on livestock management as contributing 
to potential desertification pressures in times of drought (Acharya, 1980^^, 
Mann, 1975'°°, Sharma and Kundra, 1984) responses to this problems 
generally calls for reducing livestock population and replacing existing 
breed of animals with those with higher productivity (Macfarlane, 
1980).'°' 
Faroda et al. (1980), Grasslands in Western Rajasthan are 
heterogeneous in physical nature as they occur on various type of 
habitats.'°2 
According to Yadav, M.S. (1997) one of the main causes of 
desertification in arid ecosystem of Rajasthan is the mis-use of grasslands 
by the stock owners and nomadic population.'°^ 
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Solanki et al. (1997) studied, at present the forest area in the arid 
region of our country is only 2,41 per cent of the total geographical area. 
Due to increasing pressure of livestock and human population on the 
available natural resources most of the areas in arid regions are in severely 
degraded condition.'°'* 
According to Sharma and Joshi (1975) rodent excavate 61,500 kg 
soil/km^/day during the summer months. Thus, rodents loosen the fixed 
soil in huge quantities causing resource deterioration, encouraging creation 
of typical desert condition and even helping in desert expansion.'°^ 
Saxena (1977) indicating that over-exploitation of natural 
vegetation of overgrazing removal of trees and the cultivation of marginal 
lands like sand dunes, have resulted in a series of ecological changes in 
western Rajasthan and the desert formations primarily due to such 
changes.'°^ 
Purohit, M.L. (1997) analysed the spurt and the projection of 
livestock population to the next century indicate increased density on the 
landscape and increased pressure on forage resources of the region. The 
forage deficit of around 50 per cent of requirement normally mean 
degradation of grazing lands and desertification, if ameliorative action are 
not taken expeditiously.'^^ 
The nature and type of vegetation, its density, proportion of 
palatable and non-palatable plants and their changing distribution are 
important botanical indicators to envisage the vulnerability to 
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desertification. Similarly, the infestation of rodent population and the 
changing livestock pressure are also crucial indicators of desertification 
vulnerability. 
v) Anthropogenic Indicators 
Conditions pertaining to demographic structure and the social 
changes, land-use pressures such as overgrazing, non-feasible crop 
husbandry, mining spoils and deforestation are crucial indicators of 
desertification. 
Krishnan (1952) is of the opinion that the desert condition must 
have gradually set in well after man appeared in the pleistocene possibly 
in geologically recent times. Archaeologist think Baluchistan was 
relatively well wooded and occupied extensive human settlements down to 
about 4000 B.C. and it was between 4000 and 1000 B.C. that the desert 
condition accentuated.'°** 
Dhir, R.P. (1977) studied that in two-thousand years old history of 
human settlement in Western Rajasthan the whole area appears to have 
been well populated and politically organised. By the 8th century A.D. 
from then onwards through medieval and late medieval periods there has 
been only a slow growth of population under a dominantly pastoral land-
use. However, from the third decade of present century there had been a 
continuous sharp increase in population with a parallel increased 
component of loose sand and hummock formation with some loss in 
productivity due to reduced fertility.'^^ 
Malhotra, S.R et al. (1977) stressed upon an extemely desertic tract 
of Rajasthan on the issue of man, land, livestock and food prospects. 
According to them during 70 years (1901-1971), the human population in 
the arid tract increased by 176 per cent as compared to 131 per cent in the 
country. Livestock population in this region for exceeds human population 
(16 person square kilometer as against 39 animals per square kilometer) 
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leading to acute imbalances in the land use pattern. Western Rajasthan is 
the region of degenerated landforms like barren, culturable wastes and 
fallows which with increasing pressure of animal and human population 
has resulted in low level of production from crop and livestock enterprises 
presenting a disquietingly increasing instability in agricultural 
production."° 
UNCOD (1977) suggested that the damaging effects of rainfall 
deficiencies had been accentuated by long continued reduction of the plant 
covers as a result of grazing, modernized cultivation at the desert margin 
and accompanying deterioration and erosion of the soil. '" 
According to Mann (1977) desertification is a package of processes 
which brings about certain changes in a particular ecosystem and cover it 
from a relatively non-desertic to a desertic terrain. This involves an 
interplay of climatic, edaphic and biotic factors. He also mentioned that 
human adoptation in the desert ecosystem involves the development of 
certain typical activity. Intensive land-use pattern often leads to 
deterioration of the conditions within the desert and cause desertification 
in the adjoining semi-arid and marginal lands. The more important aspect 
of human interferences are over and uneconomic exploitation of resources, 
overgrazing by domestic animals, deforestation and indiscriminate lopping 
of trees and uneconomic land use practices. Cultivation on sand dunes and 
marginal lands causing sand to shift and deposit on the adjoining fertile 
lands. These cause soil erosion and creep and expansion of desert."^ 
Another study stated that Thar or the Great Indian desert is 
dominantly an agricultural area and has very high human and animal 
population."-^ 
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FAO (1983)"'' made a quantitative analysis to measure 
desertification hazards. According to the following criteria are considered 
as desertification aspects. Status (S), Rate (R), Inherent Risk (IR), Animal 
Pressure (AP), Population Pressure (PP), Desertification Hazard (DH) and 
gave a formulae to assess desertification hazards i.e. 
DH = S + R + IR + AP + PP 
Malhotra et al. suggested that concentration of population has been 
possible where water is available, agricultural conditions are better and 
economic opportunities are available."^ 
Mukherjee (1986) emphasized that the answer to drought 
conditions does not lie in the natural but in anthropogenic factors."^ 
Grove, A.T. (1989) stated that desertification or desertization is the 
reduction of the biological productivity of land to low levels, especially as 
a result of human action in semi-arid areas. He also mentioned that each 
year, irreversible desertification claims an estimated six million hectares 
world wide."^ 
According to Bharara, L.R (1991) the study of the demographic 
features thus revealed that the population has not only grown at a 
substantial rate in the past but also exibits expansive potentialities for the 
future growth rate. In addition, the wide spread illiteracy, coupled with the 
caste faction ridden, orthodox and tradition bound nature of population 
has not led to the adoption of innovations to any substantial extent. The 
trend of breaking traditional joints households into nuclear ones is further 
responsible for more and more use of marginal lands if unchecked, the 
population growth is likely to adversely affect the fragile ecosystem of the 
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region and the desertification process will occur at an accelerated spread 
with the present resource base and traditional technology."^ Dregne, H.E. 
(1991) stated that land degradation in arid, semi-arid and dry-sub humid 
areas resulting from adverse human impact."^ 
Bharara, L.P. (1997) stated the general problem of Indian arid 
environment is essentially one of human ecology. Man has been one of the 
most important and active agents of biotic interferences in the fragile 
ecosystem of arid zone of Rajasthan. Over-exploitation of water, plant and 
land resources by man has disturbed the delicate ecological balance. 
Overgrazed lands, shrinking forests and eroded agricultural fields show the 
imprints of human activities on his environment. The way of life of the 
people in the region and their sources of livelihood have chiefly 
conditioned by disturbances in ecological balance due to severity of arid 
climate. This has lead to the degradation of vegetation and the diminution 
of crop potential decreasing the productivity per unit area. These 
characteristics of desertification have human bearings. Moreover, while 
deserts are natural phenomena desertification is a human process. This 
poses a potential threat to resources and ultimately the lives and livelihood 
of the inhabitants.'^^ 
Purohit, M.L. (1997) stated the impact of recent spurt in human 
population in the Indian desert is discernible in the declining man land 
ratio in its turn led to extension of cultivation to marginal lands, declining 
fallow lands and shortening the fallow periods, ultimately resulting in 
reduced crop productivity. The increased demand for food, fuel and 
deficient supplies have forced intensive cultivation of croplands and over-
exploitation of common lands for food and fuel, resulting in desertification 
of both the categories of land. The projection of population and supplies 
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of some essential commodities reveal that the process will continue in the 
next century as well.'^' 
Edward, S. Haynes (1999) analysed the more wooded Southern 
Aravallis saw rather intense deforestation from 1860-1890 (from 55 per 
cent of total area to 39 per cent) slow, minor regrowth of wooded areas 
from 1890-1910 and a general decline in woods 1910-80. Beneath this 
drop in wood lands was a gradual increase of the percentage of land in 
arable, from a low of 9 per cent of total area in 1860, to 14 per cent in 
1930. to 29 percent in 1980 (a declinefrom 1970's high of 30 percent). 
Unlike other areas of Rajasthan, the source for arable land in both Aravalli 
sub region was predominantly the grasslands and shrubland, which 
fluctuated in direct relationship with the expanding or contracting arable 
land.'22 
He also mentioned that, it is difficult, from the data presently at 
hand to visualize the desert of Rajasthan creeping insidiously forward each 
year toward Karachi, Islamabad, Chandigarh, New Delhi, Indore or Surat. 
The increases in irrigation, especially in the arid Bangar and Marusthali 
have resulted in the limited control of the desert (or at least, a slowing of 
its spread) and have allowed the expansion of agriculture in some regions. 
It may be more relevant that the non-arable areas desert percentage is 
growing.'23 
vi) Monitoring and Management of Vulnerable Lands 
It has been widely recognised that crucial problem of the Indian 
desert is pressure of population on fragile ecosystems which endangers the 
sustainability of the region. Therefore, the problem of desertification 
hazards requires a regular monitoring and serious consideration of 
measures to combat the desertification. 
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Ahuja and Mann (1975) stated the grasslands and pastures are 
valuable resources and mainly provide fodder and forage for the livestock. 
Research was, therefore, undertaken to establish the principles and 
practices of better pasture management to improve livestock productivity 
which also would contribute to the reclaimation and development of the 
124 
region.'^^ 
Garg (1975) indicated the tree species such as Acacia tortilis, 
Dichrostachys glomerata, are well adopted to the arid regions, with low 
moisture requirement and, hence, can be advantageously used for social 
forestry to meet energy demands of rural inhabitants. Also there is ample 
scope for harnessing solar energy for its utilization in various ways. A low 
cost solar water-heater and solar oven have been developed if it is widely 
used, the shrubs and the trees can be spread to some extent and 
desertification can partly be checked.'^^ 
Mann, H.S. et al. {\911) observed that with the increase in 
working force, the diversification in occupations other than cultivation has 
not occured, as the region lacks a diverse resoruce base. The available 
process technology on dryland management suggests that enormous 
potentialities exist in the arid areas to transform the existing subsistence 
or deficit-oriented farming into that with marketable surplus through 
scientific land-crop management, consistent withthe land-use capability 
and adoption of recommended management practices for different land-
resources units.'^^ 
Kaul (1970) stated in low-rainfall areas (150mm to 400 mm), 
shifting dunes are commonly met with, particularly near habitation and 
township. Techniques of afforestating the shifting dunes were standardized 
after 10 year of experimentation. These techniques consist protection 
against biotic interference, the treatment of shifting sand dunes by fixing 
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Rajasthan, Annals of Arid Zone, Vol. 14, No. 2, 1975, pp. 29-44. 
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barriers in parallel strips or in a chess-board design, using the local shrub 
material starting from the crest down to the heel of the dune to protect. 
The seedling from burial or exposure by the blowing of sand and 
afforestation of such treated dunes by direct seedling and planting.'^'' 
Singh, H.P. (1982) analysed the Plant Production in the arid zone 
is limited more by water than any other factor. Hence, rainwater could be 
the focal point for resource integration and management.'^^ 
Singh, H.P. and Vangane, N.S. (1989) observed in the arid region 
the main focus on the watershed management programme, is water 
resource management. Obviously if the rain water is appropriately 
managed, the problem of soil erosion could be controlled. Vegetative 
reinforcement i.e. planting of grasses and shrubs and the engineering 
measures will increase their longevity and suppliment the fuel and fodder 
production.'^^ 
Gupta, J.Rand Raina, P. (1994) stated the development of large 
aggregates or clods to resist wind action, creation of roughness on land 
surface to reduce wind velocity, establishment of barriers or traps (wind 
breaks/shelter belts) to reduce wind velocity, stablization of sand dunes, 
creation of vegetation or plant residue cover on soil surface (stubble 
mulching) minimum tillage and conservation of rainwater are some of the 
measure found effective inchecking wind erosion.'• '^^  
Chatterji et al. (1984) stated the degradation of ground water 
quality and depletion of ground water resources are emerging as major 
127. Kaul, R.N. Indo-Pakistan in Afforestation in Arid Zone (ed. R.N. Kaul), 1970, 
pp. 155-209. 
128. Singh, H.P. Management of Desert Soil, Review of Soil Research in India, 12th 
International Congress of Soil Science, New Delhi, 1982, pp. 676-687, 
129. Singh, H.P. and Vangani, N.S. Soil conservation and rainwater management for 
improved dryland farming. Proceeding AAPRO workshop on dry land farming and 
wasteland development, CAZRI, Jodhpur, 1989,pp. 93-97. 
130. Gupta, J.P. and Raina, P. Wind erosion and its control in hot arid areas of 
Rajasthan, India, Proc. International symp. and wind erosion in West Africa. The 
problem and its control. Eds. B.Buerkert, B.E. Allisar and M. Von Oppen), 
University of Hohenheim, Germany, 1994, pp. 209-218. 
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problem The ground water resources of this region have four major 
pioblems (1) 65 per cent area has salme ground water total soluble salt 
content over 3200 ppm. (2) deep static water level (3) poor yield from 
wells and (4) due to over exploitation of ground water resources, in many 
parts of the region the static water level started lowering, soluble salt 
contents have increased and yield reduced Replenishment of ground water 
can overcome these problem to a considerable extent and should forms the 
vital component of any management.'-'' 
Gupta, J P and Sharma, A K. (1997) observed the plantation of 
trees at the farmlands in appropriate density helps not only in sustained 
supply of fodder and fuel wood but also improve micro-environments of 
soil and atmosphere. There, is however, meagre information available on 
these aspects The future research should be on the development of 
suitable agro-forestry system, tree densities, suitable planting technique 
and management practices for different ecological zones with impact on 
micio-environment and sustainability '•'^  
Joshi, N L. and Saxena, Anurag (1997) mentioned in irrigated and 
agriculture that the check basin method of irrigation has been found 
suitable for smaller stream flow while border strip method is more suited 
to canal irrigation, sprinkle system perform well with uneven topography 
It saves at least 20 per cent of water without any adverse effect on crop 
yields High wind velocity sometimes limits the use of sprinkles. Drip 
system ensures higher crop yields and saves about 50 per cent of water 
compared to conventional system of Irrigation. These efficient systems of 
irrigation have been found to restrict the rise in general water table and 
consequently development of waterlogging, salinity problem and control 
of desertification in irrigated area.'-'^ 
131 Chatterji et al And Zone of Rajasthan Problematic region with regard to the 
availability of safe drinking water sources, Proc third Ground Water Congress, 
New Delhi, 1984, pp 1-14 
132 Gupta, JP and Sharma, AK Agro-forestry for Desertification Control, And 
Ecosystem oflndia for sustainable Development (Eds Surendra Singh and Amal 
Kar), Agro-Botanical Pubhsher, Bikaner, 1997, p 297 
133 Joshi, N L and Saxena, A Management of Irrigated Crops in Indian And Eco-
system, Desertification Control in and Ecosystem of India for sustainable 
Development, Agro-Botanical Publisher, Bikaner, 1997, p 315 
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Vangani et al. (1997) stated that due to increasing demand of water 
to meet the basic needs of the people for drinking, Irrigation and 
Industries, the over exploitation of water resources has caused continuous 
threat of desertification to the fragile arid ecosystem. To avert this 
problem, the measures for management of surface and ground water 
resources such as prevention of seepage losses from canals and field 
channels, run off water harvesting in reservoirs, khadins, nadis, cistern 
(lankas). In situ surface water management suppression of evaporation 
losses and conjuctive use of surface and ground water have been suggested 
for management of water resources which will also help in controlling 
desertification.'^'' 
Harsh, L.N. and Tiwari, J.C. (1997) indicated experience in dune 
afforestation has shown that despite the apparant similarity of locations in 
sandy tract, they are by no means homogeneous. The most important 
factors governing tree establishment on sand dunes are climatological, 
edaphic and hydrological. From ongoing discussion it is clear that sand 
dune stablization programme are both productive and protective for 
controlling desertification in arid parts of Rajasthan.'-^^ 
Sharma, K.D. and N.S. Vangani (1997) stated the flash flood cause 
extensive damage to the infrastructures and agricultural lands, there by 
rendering a large acreage of area infertile due to inert sand deposition and 
cause desertification. Rehabilitation of flash floods in the Indian Arid zone 
and in other parts of the country is still in the primitive stage and the 
technology is being developed. The rehabilitation measures such as land 
levelling, adding soil amendments and restoration of infrastructures could 
regain the productivity of land and control further desertification. On other 
hand, the measures to control the water erosion are well established, active 
134. Vangani, N.S., M.A. Khan and K.D. Sharma Management of Water Resources in 
the Indian Arid Eco-System, Desertification Control in the Arid Ecosystem of 
India for sustainable Development, Eds. Surendra Singh and Amalkar, Agro-
Botanical Publisher, Bikaner, 1997, p. 227. 
135. Harsh, L.N. and Tiwari, J.C. Stablization of Sand Dunes and their Management, 
Desertification Control in the Arid Ecosystem of India for sustainable 
Development. Eds. Singh, S. and Amalkar, Agro-Botanical Publisher, Bikaner, 
1997, p. 325. 
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participation of farmers in controlling soil erosion by water is yet to be 
sought in the arid lands.'^^ 
Raina B.D. et al. (1997) stated selective inbreeding of local 
livestock species has to be essentially propogated to achieve high 
productive animals within the breeds. These high productive animals, 
obviously with lesser demands on drinking water should be maintained 
and rest of the animals should be called or slaughtered. This strategy will 
minimise pressure on the arid ecosystem besides helping the livestock 
owners. This will also help in controlling the desertification degradation 
of the fragile arid ecosystem.'•''' 
Bhati, T.K. (1997) stated Development of rainfed areas on totality, 
basin either in a watershed and/or farming system development approaches 
are beyond doubt the only answer to sustained and increased productivity 
of dryland crops vis-a-vis resource conservation and to combat the impact 
of desertification. However, there are several inherent problems such a 
socio-economic, technological, institutional, climatic etc. which need to be 
resolved to achieve the end goal of sustainability. Further peoples 
participation is of paramount importance to achieve the goal of 
desertification control and overall development of these lands.'^'^ 
Vashishtha, B.B, (1997) stated that monoculture of arable lands is 
neither environment friendly nor economically viable. Therefore, 
horticulture crops are the alternate crops for such ecologically fragile arid 
ecosystems which would stablize the crop productivity, improve the 
i36. Sharma, K.D. and N.S. Vangani Control of Flash Floods and Water Erosion in 
Indian Arid Zone, Desertification Control in Arid Ecosystem of India for 
Sustainable Development. Eds. Surendra Singh and Amalkar, Agro-Botanical 
Publisher, Bikaner, 1997, p. 241. 
i37. Raina, B.D. Khan, M.S. and Jain A.P. Livestock and Wild Life Management in 
Indian Arid Ecosystem, Desertification Control in the Arid Ecosystem of India for 
Sustainable Developments, Eds. Surendra Singh and Amal Kar, Agro-Botanical 
Publisher, Bikaner, 1997, p. 332. 
138. Bhati, T.K. Management of Dryland Crop in Indian Arid Ecosystem, 
Desertification Control in the Arid Ecosystem of India for Sustainable 
Development, eds. Surendra Singh and Amalkar, Agro-Botanical Publisher, 
Bikaner, 1997, p. 307. 
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economy as well as check the degradation or the desertification 
processes.'-^^ 
Yadav, M.S. (1997) analysed pasture grasses are well adopted to 
arid, drought hardy and developed a fibrous root system which help in 
binding the soil. Some of dominant grass species, their improved variety 
viz. Lasiurus sindicus, Panicum antidotale, Marwar dhanam were found 
superior for reseeding in sand dunes plain.''*° 
Chauhan, K.N.K. and Singh, R.N. (1997) stated that some case 
studies revealed that awareness and the people about the programme and 
their participation in its various activities, dedication and devotion of the 
implmenting agencies, contact with appropriate source in time and proper 
motivated approach are the key elements of effective transfer of 
technology to the farmers. The technology transferred to the farmers have 
helped in combating desertification/and degradation of their agricultural 
land and also in improving their productivity and socio-economic 
condition.''^' 
139. Vashistha, B.B. Role of Horticulture in Combating Desertification, Desertification 
Control in tlie Arid Ecosystem of India for Sustainable Development, Eds. 
Surendra Singh and Amalkar, Agro-Botanical Publihser, Bikaner, 1997, p. 291. 
140. Yadav, M.S. Improvement of Grasses for desertification Control, Desertification 
Control in the Arid Ecosystem of India for sustainable Development" Eds. Singh, 
S, and Amalkar Agro-Botanical Publisher, Bikaner, 1997, p, 260. 
141. Chauhan, K.N.K. and Singh, R.N. Success and Failure in Transfer of Technology 
in Combating Desertification, Desertification Control in the Arid Ecosystem of 
India for sustainable Development, Eds. Surendra Singh and Amalkar Agro-
Botanical Publisher, Bikaner, 1997, p. 379. 
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A. Location and Extent of the Study Area 
Rajasthan, a state of the Indian Union, is situated in the northwest of 
India. It is bounded on the west and north-west by Pakistan, on the north 
and north east by the Punjab, Haryana and Uttar Pradesh and Madhya 
Pradesh and on the south west by Gujarat. It has an area of 3,42,239 
square kilometre and its population 5,64,73,122 persons (Census, 2001). 
Whereas the hot, land locked Indian desert occupied an area of 2,08,751 
square kilometre lying between the latitude of 24°40' and 30° 12' and 
between 69°30' and 76°0' E. It comprises twelve districts of Rajasthan viz. 
Barmer, Bikaner, Churu, Ganganagar, Hanumangarh, Jaisalmer, Jalore, 
Jhunjhunu, Jodhpur, Nagaur, Pali and Sikar. These districts comprises 
seventy three tehsils of western Rajasthan (Fig. 1). Name of the districts 
with their tehsils are given in Table-1. These district cover sixty one per 
cent of the area of the state and support over twenty million of its 
population. The arid and semi-arid regions in Rajasthan are intersected by 
the Aravallis mountain. Arid as well as semi-arid areas or desert areas 
north-west of Aravallis are covered by aeolian or alluvial sand deposits. 
The desert is a vast undulating plain of sand interspersed with hillocks. 
The area has been subjected to marine transgression in the past and now 
presents interesting geomorphic formations. 
In the recent past (mid to late 3rd millennium B.C.) the area has 
sustained a well developed civilization particularly in the Ghaggar and 
Indus river basins. 
A few aquifers detected within the regions, are extensive and highly 
permeable and contain vast supplies of fresh water but there are hardly 
any possibilities for their replenishment if used and in much of the area 
many aquifers are saline. 
Sail lakes, numerous are the sites of confluences of erstwhile 
drainage system. When the system flowed freely the silt load they carried 
was deposited at the confluences creating conditions of waterlogging 
accretion took place and salts accumulated near these points. 
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Table - 1 : Western Rajasthan Administrative Division 
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BARMER 
1. Shiv 
2. Baytu 
3. Pachpadra 
4. Banner 
5. Chohtan 
6. Gudhamalani 
7. Siwana 
BIKANER 
8. Lunkaransar 
9. Bikaner 
10. Kolayat 
11. Nokha 
CHURU 
12. Sardarshahar 
13. Taranagar 
14. Rajgarh 
15. Chum 
16. Sridungargarh 
17. Ratangarh 
18. Sujangarh 
GANGANAGAR 
19. Ganganagar 
20. Karanpur 
21. Sadulshahar 
22. Padampur 
23. Raisingh Nagar 
24. Anupgarh 
25. Gharsana 
26. Vijainagar 
27. Suratgarh 
HANUMANGARH 
28. Sangaria 
29. Hunumangarh 
30. Pilibanga 
31. Rawatsar 
32. Tibi 
33. Nohar 
34. Bhadra 
JAISALMER 
35. Jaisalmer 
36. Pokaran 
JALORE 
37. Ahore 
38. Jolore 
39. Bhinmal 
40. Sanchor 
41. Raniwara 
JODHPUR 
42. Phalodi 
43. Shergarh 
44. Osian 
45. Bhopalgarh 
46. Jodhpur 
47. Bilara 
JHUNJHUNU 
48. Jhunjhunu 
49. Chirawa 
50. Khetri 
51. Nawalgarh 
52. Udaipurwati 
NAGAUR 
53. Nagaur 
54. Merta 
55. Jayal 
56. Ladnun 
57. Didwana 
58. Nawa 
59. Parvatsar 
60. Degana 
PALI 
61. Jaitaran 
62. Raipur 
63. Sojat 
64. Pali 
6 5. Marwar Junction 
66. Bali 
67. Desuri 
SIKAR 
68. Fatehpur 
69. Lachclimangarh 
70. Sikar 
71. Danta Ramgarh 
72. Sri Madhopur 
73. Neem Ka Thana 
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Ghaggar plains are confined to the district of Ganganagar. 
Geologically, they are formed of older alluvium covered with the 
Pleistocene blown sand and represent the dry beds of an old gigantic river 
system of Saraswati (Fig. 2).' 
North-Eastern upland region are covered wth blown sand, is an 
almost level land. It has a general slope from north-east to south and 
south-west. The north-eastern upland area is comparatively less sandy, 
covering the tehsils of eastern Jodhpur, Bilara, Jaitaran, Parvatsar, eastern 
Merta and Degana. 
Aravalli outcrops region covers the Shekhawati region of Rajasthan 
and the tehsils of Nawa and Eastern Parvatsar of the district Naguar. The 
Neem Ka Thana hilly tract, also a part of the Aravallis is responsible for 
the development of a radial drainage pattern. Its main stream, the Kantli 
is the longest river in the Shekhawati region of the Rajasthan desert 
region. Throughout the year it is dry out with the rainy season. 
The Godwar region in the south-east of the Rajasthan desert is 
drained by the river Luni and its numerous trbutaries. The upper part of 
the basin is an area of numerous tributaries flowing down the western 
slopes of Aravalli ranges. After running for about 800 kms. Luni mixes 
with the water of Rann of Kutch. The landscapes of the lower Luni 
consists of sandy tracts and dunes. 
Magra region forms a rock-floored plain, scored by wind blown sand. 
Though comparatively free from dunes, it is more dreary and desolate than 
Thar region. Magra is elongated as shape, stretching from the southern 
boundary of Chohtan tehsil of Barmer district to the southern portion of 
Bikaner tehsil. A characteristic feature is reg plains similar to those found 
in desert of south west Algeria or the gravel plains (serir) of the Libyan 
desert. The northern Magra area gives an impression of vast gravel plains 
with small sandy patchess scattered throughout. 
These dry beds of Saraswati came into existence somewhere in the early 
centuaries A.D, or Mahabharata times. Before this these were the parts of great 
river system of Sarawati, Drishadavati and Hakra. 
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The Thar desert, is the western most part is completely blanketed by 
sand dunes. It extends from south to north along the border between India 
and Pakistan. The solid geology is concealed by sand except in the 
neighbourhood of Jaisalmer town where Parihar hills and Abur hills 
standout. In the neighbourhood of Sawal and Amir villages large patches 
of pebbles derived from conglomerate, support the fact that the region was 
marine littoral even upto the sub-recent times. The main part of the Thar 
is known as the Great Desert, covered by vast and thick sand and a 
complex pattern of ridges. Between the sand ridges there are low lying 
areas which act as ephemeral drainage basin during the sudden downpours 
in rainy periods. These intermediate depressions, known as Marho, have 
alluvium deposits which becomes cultivable when sufficient water is 
available. 
The northern parts of the Thar are called the little desert. It is only 
due to the nature and magnitude of dunes. Here, the dunes are mostly 
transverse in form and are smaller than their counterparts in the great 
desert. Between the dunes, there are minor depressions (gassis) which 
during the time of sufficient rains become shallow water basins. 
B. Geomorphic Features and Their Characteristic 
i) Aravallis Mountains and Offshoots 
The physiographic personality of Western Rajasthan wears true 
desertic features. The dominant hilly tracts of the Rajasthan desert are the 
Aravalli mountain ranges which lie along its eastern rim and are composed 
of compact and hard, metamorphic rocks such as quartzite, schists, slate 
etc. Because these rock stratas are composed of rock of different degree 
of coherence and hardness resultantly they produce features of differential 
erosion. These hill ranges generally have narrow ridges with conical shape 
and high relative relief. 
The landform of Western Rajasthan is not the work of superficial or 
biogenic agencies, but it is attributed to geological processes largely in the 
nature of sheet movement leading to peneplanation, rapid changes in the 
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drainage system, deepening of water table and the consequent drying up 
of the vegetation. 
In the study area the relief features in generally demonstrate 
mcreasing altitude from west to east and from south west to north east 
(Fig. 3). In western Rajasthan the topography ranges from 30 metres to 
350 metres above sea level. The general elevation is about 300 metres in 
north eastern part but towards south, the elevation is about 150 metres 
only except in Jalore-Siwana upland which rises above 300 metres. There 
are several other small scattered hillocks making the western edge of the 
Bagar region.' 
General relief of the region is dominated by the Aravallis mountain 
systems which are the most prominant feature of the relief which separate 
Western Rajasthan from rest of the Rajasthan. These ranges run diagonally 
due to north east to south west direction from near Delhi to Palampur in 
Gujarat with a total length of 692 kilometers. The Aravallis being perhaps 
the oldest mountain system of the world.-^ 
The Aravalli is an effective boundary between the arid region of 
western part and fertile region of east Rajputana. The arid region of 
western part is covered with sand dunes extending from the Great Rann of 
Kutch along Pakistan border to Punjab.^ 
Aravallis from the water divide as well as the eastern limit of 
Western Rajasthan. They have been thouroughly eroded and are remanants 
of mountains which were of gigantic dimensions once upon a time. 
Structurally, the Aravallis have synclinal folds and anticlinal valleys. The 
relief of the areas west of the Aravalli system displays sandy, low watered 
and sterile tracts. The Aravalli along the eastern boundry consist of the 
oldest fold mountain structures of the world. 
1. Singh, R.L. India -A Regional Geography, Varanasi, 1971,pp. 53-59. 
2. Heron, A.M. The Geology of Central Rajasthan, Memoiers Geological Survey of 
India, Vol. 79, 1953, p. 35. 
3. Singh, R.L. Op.Cit., p. 53-59 
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Nevertheless, Aravallis are not a formidable barrier to the sand creep 
towards the east. Moreover, at places there are as many as twelve Gaps in 
the ranges through which the fertile alluvial plains are encroached upon 
by the sand dunes. From the Aravalli foothills the terrain slopes, for the 
greater part gradually to the west and south west. The area from Aravalli 
plain to Jodhpur and Barmer is characterised by Undulating topography 
with isolated Malani outcrops. Vindhyan sandstones and Aravalli Knolls. 
However, this is less sandy with comparatively fewer dunes. Away from 
the Aravallis towards the west the topography is punctuated with 
numerous isolated knolls without any appreciable vegetative cover.'* 
The region of malani lavas and Vindhyan sand-stone is a noticeable 
plain in Aravalli region. There are small ranges which are parallel off-
shoots in the west in a north-east to south-west direction and also occur to 
the south of the Luni river. The lofty and largest group which is a 
continuous mass of rocks west of the Aravallis is found in Siwana area 
and extends to about 27 kilometers south of the great bend of the Luni 
river. They run in east-west direction attaining a height of over 900 
metres. Their arrangement is not regular. They are very irregular isolated 
peaks or ridges, separated by broad expanses of sand, which suggested 
that the visible outcrops are remanent of a continuous system of hills 
partly buried in sand.-^  
Nagaur district is conspicuous in the absence of high hills. Dots of 
hillocks, particularly in the south eastern sector, are sporadically 
scattered. At Jayal and Khatu, the hillocks are utilised for stone 
extraction. There is no vegetation anywhere. Here, Tikli hills are situated 
near Raisinghpura village in Didwana. Hills near Kuchaman and Nawa 
attain some height. There are also numerous clusters of hillocks in 
Parvastar tehsil. 
4. Pandey, S. Some Aspect of Geomorphology of Indian Arid Zone. Symposium on 
Arid Zone, Jodhpur, 1968, p. 28. 
5. La-Touche, T.D. Geology of Western Rajputana Memoirs Geological Survey of 
India, Vol. 35, p. 9. 
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Pali district almost resembles an irregular triangle with undulating 
plains. Several eastern parts of the district may be called sub-mountainous 
and have undulating plains with scattered hills. The district is surrounded 
by high Aravalli ranges in the south-east. The general slope of the district 
is from east to west direction. There is no perennial rivers in the district. 
Four tributaries of the river Luni which rise in the Aravallis such as Sukri, 
Lilri, Bandi and Jawai flew through the district. 
District Jhunjhunu consists mass of rolling hills and the remaining 
part nearer to the South-eastern border contains some offshoots of the 
Aravalli ranges, running in South-Eastern direction. A range of Aravalli 
hills enters the district in the extreme South of Udaipurwati tehsil and 
extends upto Singhana and Khetri in the east. In general elevation above 
mean sea level is between 300 to 400 metres. The highest peak 1,051 
metres high is in the south of Lohagarh village. 
The Aravalli hill ranges attain significant height at Chappan-ka-Pahar 
near Siwana 975 metres and Roza hills at Jalore 730 metres.^ Aravalli 
ranges attain the gradual height in Sirohi district outside the desert 
boundary in Western Rajasthan. 
Another important feature of Western part of the Aravallis is that 
they give rise to nearly all streams which rush down the steep slopes 
including the Luni system. Luni is the only cognisable river in the 
Rajasthan desert and its run-off depends upon the intensity of rainfall in 
the Aravalli catchment. The streams are filled with sand dunes to different 
erosional activity which have produced relief features along the foot hills 
of the Aravallis. The resultant landform is known as Godwar plains. These 
plains are fertile mostly in the district of Pali, Jalore and Nagaur.^ 
ii) Piedmonts and Pediments 
In the Central Luni basin around Jalore, Siwana, Bujawar and the 
vicinity, the hills are flanked at their bases by piedmont plains. These are 
6. Jaisalmer to Kara, The Imperical Gazetteer of India, Oxford, Vol. 14, 1908, p. 108. 
7. Ahmad, A. Human Geography of Indian Desert. (Unpublished Ph.D. Thesis), 
A.M.U., Aligarh, 1962, p. 38. 
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composed of thick colluvial coarse debris derived from the adjoining hills. 
The total thickness of the sediments varies from 10 m to 25 m in the upper 
part and 3 to 5 m in the lower part.^ In the upper part, large boulder and 
angular rock fragments of 2 to 3 m in diameter are dominant and the lower 
part is covered with small pebbles, gravels and grity sand particles of 2 to 
3 mm, along with some silt. At certain places, obstacle dunes and whole 
back featuring are formed on the colluvial sediments of the piedmont 
plains. The drainage patterns in this unit vary from dendritic to sub-
parallel. These plains are affected by severe wind and by slight to severe 
water hazards.^ 
The prolonged sub-aerial decomposition and denudation of the land 
surfaces produced or accentuated the formation of extensive rocky/ 
gravelly pediments at the base of the hills and mountains.'*^ Parts of these 
pediments were later on covered with colluvial sediments transported by 
the fluvial processes and are now termed as flat buried pediments. The 
rocky or gravelly pediments occur along the base of the rhyolite, sand 
stone and limestone hills. The rhyolite pediments occur mainly around 
Jodhpur, Thob, Agolai, Barmer and Bhadrajan." 
There are also undulating buried pediments which occur around 
Ramgarh, Mohangarh and to the east of Sikar district. These pediments 
affected by intense aeolian activities which created sand sheet and sand 
dunes. 
iii) Ghaggar Plains and Alluvial Region 
The Himalayan drainage system constituting the former mighty rivers 
like the legendry Saraswati and the Drishadvati and their tributaries, and 
8. Ghose, et al. Geomorphology of the Central Luni basin. Western Rajasthan, 
Annals of Arid Zone, CAZRI, Jodhpur, Vol. 5, No. 1, 1966, pp. 10-25. 
9. Ghose, B., Singh, S. and Amal Kar Geomorphology of the Rajasthan Desert, Desertification 
and its Control (ed.) Jaisalwal, P.L., I.C.A.R., New Delhi, 1977, p. 71. 
10. Singh, S. et al. Landforms of the Arid Ecosystem of Western India, In 
Desertification Control in the Arid Ecosystem of India for Sustainable 
Development Eds. Surendra Singh and Amal Kar, Agro-Botanical Publisher, 
Bikaner, 1947, p. 36. 
11. Op.cit. p. 71. 
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the shifting courses of the Sutlej known as the Satadru in the Vedic 
literature, had also significantly contributed in the formation of extensive 
alluvial plains in Haryana, Punjab and Rajasthan '^  
Ihe whole of the district Ganga Nagar is a plain, covered with a 
thick layer of alluvium and wind blown sand. It displays a general gradual 
slope towards the west. Generally the sand dunes are 4 to 5 metres high 
except in south-western part where they are more intensely developed 
being sometimes 10 to 15 metres in height. No important hills exist in the 
district, however, on the banks of the dried up saraswati and Drishadvati 
rivers, ridges rise above the ground level. Comparatively the northern 
portion of the district is well wooded as compared to the southern and 
south-eastern portion. The height of the district varies between 168 and 
227 metres above the mean sea level. Ghaggar river locally known as nali 
is an ephemeral though large in size and has north-east to south-west 
courses near Hanumangarh. It sometimes gets flooded during the 
monsoon. The two main Irrigation Canals viz. the Gang Canal and the 
Indira Gandhi Canal Command Area have handsomely placed the district 
on the agricultural map of India. 
Eastern part of the desert is dominated by flat aggraded and older 
alluvial plains. The main region of this older alluvial plains is Sojat in the 
east to Pachpadra in the west, Bali and Bhinmal in the south. Another 
zone is Bikaner in the north to Bainsara in the South. Third major zone of 
this plain is around Ganganagar in the north-west. The alluvial sediments 
of these plains have been deposited by well integrated drainage system 
which were active during the past humid phases.'-' 
The nature of the sediment varies from loamy sand to sandy loam and 
also loam but at certain places loam to clay loam are found. Surface 
drainage channels are almost absent except in the eastern fringe. But the 
12 Ghose, B Kar, A. and Hussain, Z. The Lost Courses of Saraswati river in the 
Great Indian Desert, New Evidence from Land Sat Imagery, Geographical 
.lournal, Vol. 145, 1979, pp. 446-451. 
13 Ghose, B The genesis of desert plains in the Central Liini basin of Western Rajasthan 
Proc Symp. Prob. Indian Arid Zone, CAZRI, Jodhpur, 1965, pp. 79-87. 
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courses of the prior drinage channels have good potential of ground water 
at 6 to 15 metre depth.''* 
There are also occurrence of saline flat aggraded older alluvial plains 
around Bijasni, Dhori Manna, in Jodhpur around Hemawas and 
Raghunathgarh in the Pali, around Suayali and Burad in Banner district 
and certain places of Ganganagar and Nagaur '^  
iv) The Luni Basin 
Luni is the only river which flows in the south and south eastern part 
of the district, comprising the area of Jodhpur and Bilara tehsils. The Luni 
basin comprises the older alluvial plains. It rises near Pushkar in Ajmer 
district after flowing through the portion of Nagaur and Pali districts. This 
river enters the district near village Jhak (Bilara tehsil). Mithri is the Chief 
tributary of this river which joins Luni near village Khejarii Khurd 
(Jodhpur tehsil) to ultimately form a huge artificial lake known as Jaswant 
Sagar. 
The geomorphology of this region is the product of both fluvial and 
aeolian agencies. The drainage pattern of this region is linear, sub-
parallel, sub dendritic and radial which is testimony to the differential 
erosion. The largest concentration of the streams is in the piedmont zone 
and lowest in Pachpadra salt basin.'^ The soils of the basin consist of 
mainly gray brown desert, alluvial and sandy particles. 
In the central Luni basin around Jalore, Siwana, Bujawar the hills are 
flanked at their bases by piedmont plain and are composed of thick 
coUuvial debris derived from the adjoining hills. These plains are affected 
by severe wind and by slight to severe water hazards.'^ 
14 Ghose, B. el al. Geomorphology of (he Rajaslhan Desert Desertification and its 
Control Ed Jaisalwal, P.L. I.C.A.R. New Delhi, 197, p 72 
15 Ghose et al Some geomorphic aspect of salinity hazard in Rajasthan desert 
Woikshop on problem of desert in India, Jaipur, 1975 
16 Singh, S. et al Geomorphology of the middle Luni Basin of Western Rajasthan 
India Annals of Arid Zone, CAZRI, Jodhpur, Vol. 10, No 2, 1975, p. 2 
17 Ghose et al Geomorphology of the Central Luni basin, Western Rajasthan 
Annals of Arid Zone, CAZRI Jodhpur, 1968, pp. 54-57. 
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v) Sand dunes and sand sheet 
The whole distriet of Jaisahner is ahnost sandy, dry land ill-watered 
and form part of the Great Indian Desert of 'Thar'. However, in the 
neighbourhood of Jaisalmer town within a radius of about 64 km. the soil 
is stony containing numerous rocky ridges and hard undulating plains with 
this exception the general nature of land in the district look like a limitless 
sea of sand dunes of different shapes and varying size towards Sam area. 
The biggest sand-dunes are found in Ramgarh and Sam sub-tehsils. Most 
of these are deeply stablized and look like sand-hills. It is however, 
surprising to note that even a little rain turns the waste area into greenery 
and becomes a seasonal pasture land. In the area near Deda in Sam sub-
tehsil and almost in half the area of Pokaran tehsil the land is gravel, stone 
and is locally known as 'Magra'. There are also a few low lying hills in 
Pokaran tehsil. The height of these varies between 61 to 107 metres above 
sea level and are usually covered with Bardi and Khajra trees. 
Apart from a small offshoot of the Aravalli hills in the east of 
Barmer, the area is a vast sand covered tract with sub-stratus of gneiss, 
hornblende and quartz which occasionally rise up through the sand, in 
some instances to a height of about 243 to 304 metres. In the extreme 
north and west the sandy plain is broken by sand hills called 'tibas' which 
sometimes rise to a height of 91 to 122 metres. This area is dry and 
inhospitable and forms part of Thar Desert, 
The landform of Marusthali, the aeolian deposit and topographic 
undulation are due to underlying geology, other wise it is almost a level 
plain studded with dunes and ridges complexes.'^ 
The major part of the Bikaner district is comprised of desolate and 
dry regions which form part of the great Indian desert of Thar. There are 
two natural divisions of the district namely (i) North and Western desert 
and (ii) South and eastern semi-desert. At many places one finds shifting 
8. Misra, V.C. Geography of Raj as than. National Book Trust of hidia, New Delhi, 
1968, p. 65. 
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sand dunes of varying heights ranging from 6 to 30 metres. Kolayat is a 
beautiful oasis amidst the vast expanse of arid desert, construction of 
canals in its western part has led to activation of the stable dune-fields to 
a large extent. The migrating sand is however, threatening the canals and 
roads, besides spreading eastwards, salinity hazards and undesirable rise 
of water table are also developing in the canal command area. 
District Churu is a part of the Thar desert and is characterised by 6 
to 30 metre high longitudinal dunes treading north-east to south-west. The 
ground level in the desert is about 400 metres above mean sea level. There 
is no perennial stream in the district. River Kantli which rises in the hills 
near Khandela in Sikar district gets lost in the sands on the borders of this 
district. The spread of sand is extensive, sometimes encroaching on the 
cultivated tracts and metalled roads. Desert area consists of Sardarshahar 
and Dungargarh tehsils and major parts of Churu and Ratangarh tehsils. 
The occurrence of sandy undulating aggraded older alluvial plain can 
be seen around Pilani and Jhunjhunu around Amarpura, Phalodi and 
Bhinmal in the south. This area is affected by intense aeolian activities 
which have created moderate to severe wind depositional hazards in the 
form of sand sheets and longitudinal and transverse duens of 90 cm to 5 
m height and sandy hummock and ridges are almost absent in this region 
and rainwater flows along the courses of buried channels where ground 
water has been found at 20 to 40 m depth.'^ 
In district Nagaur the topography generally is fairly even. A part of 
district falls in the category of 'desert' as the north-western region is 
covered with large sand-dunes. Extending sometimes in an continuous 
series. The district has its general slope towards the west. Its elevation is 
about 300 metres ranging between 250 metres in the south to 640 metres 
in the north. 
District Sikar is divisible into two main topographic areas. The 
western region is characterised by sand-dunes and the eastern half by hill 
ranges in the proximity of the Aravallis. 
19. Ghose, B. et al. Geomorphology of the Rajaslhan Desert. Desertification and its 
Control ed. Jaisalwal, P.L. I.C.A.R. New Delhi, 1977, p. 73. 
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The obstacle dunes have been formed by deposition of sand against 
the windward or leeward slopes. These dunes generally 10 to 50 m in 
height. The parabolic and coalesced parabolic dunes are most dominant 
and are found almost in all parts of the tracts with dunes. This is also 10 
to 50 metres in height. 
The longitudinal dunes occur mainly in the western and southern part 
of .laisalmer district and the eastern parts of Barmen They are also found 
in the south-west of Jalore, in the north of Phalodi, in Jodhpur and in the 
north-east of Nagaur district. The height varies from 10 to 80 metres. 
The transverse dunes are mainly concentrated in the western part of 
Bikaner district and the eastern parts of the Nagaur district and arc 
scattered in the churu, Jhunjhunu, Jodhpur and Barmer districts. The 
dunes are of 5 to 40 metres in height. 
Barchan and Shrub-Coppice dunes constitute the non-calcareous sand 
and being devoid of vegetation, are active and they belong to the dunes of 
new system. The majority of the barchan dunes are formed to the west of 
250 m.m. Isohyet in Barmer and Jaisalmer districts and in the western part 
of .lodhpur, Jhunjhunu, Churu and Bikaner districts. The barchan dunes 
are generally 3 to 10 metres of height. 
vi) Inter-dunal Plains 
Sand dunes are the most spectacular landforms of the Rajasthan 
desert and cover 58 per cent of the total desert area. There are two major 
zones of sand dunes. The western most zones lies in western part of 
Barmer, Jaisalmer and Bikaner districts and is covered with high dunes 
with much reactivation along their crest and flanks. To the east, another 
zone of high sand-dunes runs through the eastern parts of the Bikaner and 
Churu districts. Both the zones are separated by the vast rocky tract of 
Jaisalmer, Pokaran, Bikaner, Bap sector, but they meet in the north of 
Bikaner district and extend into Ganganagar district. Another 
discontinuous belt of patches runs from Sanchor through Saila, Didwana 
and Lachmangarh and meets at Ratangarh Churu area. Between these arms 
of sand dunes are a series of discontinuous inter-dunal plains of varying 
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size. These three zones comprise six types of sand dunes namely obstacle, 
parabolic and coalesced parabolic, longitudinal, transverse, barchan and 
shrub coppice.2^ Among the sand dunes the obstacle, parabolic, 
longitudinal and tranvcrse dunes arc well stabliscd, as evidenced by the 
presence of vegetation on them, presently, many of these dunes are 
degradaded and reactivated due to increasing biotic stress. As a result, 
mobile bedforms are found on their slopes and crests.^' 
As a consequence of the reactivation of dunes the inter-dunal plains 
are threatened with degradation. These inter-dunal plains are very 
precious agricultural land. However, they are the most vulnerable land to 
degradation and desertification due to intensive land use pressures of 
cropping and overgrazing. 
vii) Saline Depressions and Playas 
The saline depressions of different shapes and sizes are scattered in 
several parts of desert. They mostly occur at Sambhar, Kuchaman, 
Didwana, Lunkaransar, Jamsar, Bap, Thob, Pachpadra, Sanwarla and 
around Pokaran and Jaisalmer.^^ 
Saline depressions of large and small size are found scattered through 
out the western parts of this region. Some of them are enclosed by sand 
hills and sand-dune tracts. They are rendered in summer months but 
during the rainy season they are filled up by the run-off of the surrounding 
slopes. The topography of western Rajasthan is the result of rapid changes 
in the drainage system, enormous accumulation of loose rocky material 
20. Ghose, B., Singh, S. and Kar, A. Geomorphology of the Rajasthan Desert, 
Desertification and its Control ed. Jaisalwal, P.L. ICAR, New Delhi, 1977, p. 73. 
21. Singh, S., Kar, A. and Vatsa, P.C. Landforms of the Arid Ecosystem of Western 
India Desertification Control in the Arid Ecosystem of India for Sustainable 
Development, Eds. Surendra Singh and Amalkar, Agro-Botanical Publisher 
(India), Bikaner, 1997, p. 37. 
22. Ghose, B. and Singh, S. Geomorphological Control on the distribution for 
evaporites in the Arid Zone of Rajasthan India, Proc. Symp. Arid Zone, Jodhpur, 
1968, pp. 54-57. 
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deepening of the water-table and consequent depletion of vegetation and 
tlnereby accentuation of desertic conditions.^-* 
C. Soil Profiles, Characteristics and Vulnerability to Erosion 
Soil cover of the arid zone in western Rajasthan comprise an area of 
about 175,000 sq. kilometers west and north-west of the Aravallis.^'^ 
Originally drifting the soils of Indian desert were made by the Indo-
Gangctic drainage system during the fluvial periods. They were generally 
alluvial and particularly loamy soils. The soils of this region are very 
different in their nature, and characteristics. Subsequently, the soils of 
Indian desert developed mainly under high temperature and scanty and 
erratic rainfall. The soil fertility gradually improves from west and north-
west to north-east in Sikar and Jhunjhunu. In many parts of this region, 
the soils are saline or alkaline with unfavourable physical properties and 
high pH value.^^ 
These soils fall under the category of pedocals and are known by 
their characteristics such as low content of organic matter, usually alkaline 
in nature, poor permeability and usually high content of soluble salts. The 
other chief features of the soils in the arid zone are their succeptibility to 
wind erosion and the consequent occurrence of sand dunes.^^ Soils of this 
region are generally immature structureless or very course in texture. As a 
result of it, the sub-surface percolation rates are higher and the water 
holding capacity of the soil profiles is low. The microbial activity in the 
sandy soils is meagre because of the poor moisture retentivity. Such soils 
are generally unproductive. 
23 Raheja, P.C. Report on the symposium on problems of Indian And Zone, 
Proceeding of the Symposium on Problems of hidian Arid Zone, Jodhpur, 1964, 
p. XVIll. 
24. Final Report of the All India Soil Survey Scheme 1953, Bulletin, No. 73, ICAR, 
New Delhi. 
25. Roychaudhry, S.P. Classification and Fertility of Soils of Desert and Semi-Desert 
Regions, Proc. of the Symp. on Prob. of Indian Arid Zone, Jodhpur, 1964,p. 101. 
26. Satya Narayan, K.V.S. Land Classification and Land Use in the Arid Zone of 
India, Proc. of the Symp. on Prob. of Indian Arid Zone, Jodhpur, 1964, p. 129. 
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The soils of western Rajasthan consist of 2.0-6.0 per cent clay from 
west to east, 1.5-4.0 per cent silt, 10.0-30.0 per cent coarse sand and 65.0-
80.5 per cent fine sand from the western frontier in Barmer and Jaisalmer 
to the northeastern parts.^^ 
The dominant soils of the Indian Arid zone are light textured and 
devoid of any significant structure development. These are prone to severe 
wind erosion unless properly protected by a varied and reasonable 
vegetation cover. They have very low water retention capacity. However, 
these possess high infiltration rate and low hydraulic conductivity in an 
unsaturated state. This permits quick soaking of the rain and its 
conservation against strong atmospheric moisture deficit. Although the 
coarse, loose sandy soils permit easy proliferation of the plant roots, still 
however, their low water retaining capacity does not support a good 
vegetation cover. Therefore, the optimum use of the soil mositure is 
possible only through a combination of shallow and deep rooted 
vegetation. In the arid Rajasthan duny soils are dominant formation in 
about 33 per cent area and sub-dominant associates is another 25 per cent 
area and occur in almost all the arid districts. 
The sand dunes are of different type viz. parabolic, coalesced 
parabolic, transverse and barchan. Among these dunes, parabolic and 
coalesced parabolic are dominant varying in height from 10-40 m.^ ^ The 
duny soil profile is uniformly fine sandy throughout the depth, single 
grain and pale-brown. These soils have very low water retention capacity 
of only 40 to 50 mm per metre of the soil profile depth. The associated 
interdunal soils have significantly more silt, clay and CaCo^ content. 
Light brown sandy soils, having scattered dunes and sandy hummocks, 
cover 32 per cent area and they extensively occur in all the districts. The 
surface is covered with loose sand sheets. These soils have 50 to 70 mm 
water retention capacity per metre depth. The light loam soils are deep 
27. Qureshi, S. Regional Perspective on Dry Fanning, Unpublished Ph.D. Thesis, 
A.M.U. Aligarh, 1988, p. 107. 
28. Kolarkar, A.S. Soils of Indian Arid Zone - A Research Perspective (Eds. R.P. 
Singh and Singh S.) Scientific Publisher, Jodhpur, 1994, pp. 25-31. 
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and have good moisture retention capacity 60 to 120 mm/metre profile 
depth.29 
In the southern part of arid Rajasthan covering the southern part of 
Nagaur, south-eastern part of Jodhpur and entire Pali district the soils 
have developed on alluvium and fme grained rock. These are dark brown 
and greyish brown and very dark greyish brown loam to clay loam. The 
soils are generally moderately deep to deep and below 60 to 90 cm, a lime 
concretionary horizon occurs. The water retention capacity of these soils 
is very high 150-200 mm/metre depth.^° 
The salt affected soils occur scattered in the arid region of Rajasthan. 
But their large area of occurrence in the south-eastern part of arid 
Rajasthan and in the Ghaggar flood area of Bikaner, Hanumangarh and 
Ganganagar districts. In Pali, Jalore, Barmer and south-eastern part of 
Jodhpur and Nagaur districts, vast stretches of naturally saline soils are 
encountered. The soils are sandy loam, loam caly loam, dark greyish 
brown to very dark greyish brown having angular blocky structure. These 
soils are generally 50 to 80 cm deep, underlain by lime concretionary 
horizon.-^' 
In the flood plain of Ghaggar in northern Rajasthan, large salt 
affected lands with medium to fine textured soils occur. With the 
availability of irrigation water from canal these lands are being reclaimed. 
The anthropogenically salt and water-logged affected soils have developed 
due to irrigation with highly saline/sodic ground water, seepage from 
embarkments on the streams and water table rise in the Indira Gandhi 
Canal Command Area.-'^ 
Another characteristics of the soils in this region is their calcarious 
nature having a sub-soil concretionary layer of lime and are very poor in 
organic matter (0.02-0.2 per cent). The soils are generally very deficient 
in plant nutrients except potash (806 mg/10 gm) and pH is about 8.5. The 
29. Ibid, pp. 25-31. 
30. Ibid, p. 50. 
31. Ibid, p. 50. 
32. Ibid, p. 50. 
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light textured soils have 285 ppm of total phosphorous. The organic 
carbon ranges from 0.50-0.75 per cent and above is low, medium and 
heavy textured soils.•'•^ 
Soils of western Rajasthan are generally low in fertility status. The 
fertility status of the soils has been assessed on the basis of available 
nitrogen, phosphorus and potash in the soil for crop production. These 
soils generally low in nitrogen, low to medium in available phosphate and 
medium to high in available potash.- '^' 
All the districts which constitute this region are low in nitrogen 
content. The available phosphorus generally ranges from 7 to 20 kg/ha in 
the coarse textured soils. In medium textured soils particularly on the 
younger alluvium, the available potash status is generally medium to high 
being 150-350 kg/ha.^^ 
Jaisalmer is low in phosphorus while other districts have medium 
status. Jaisalmer is also low in potash content while Bikaner and Jodhpur 
are medium and Jalore and Barmer are high. 
Many parts of stablised areas (as at .lodhpur and Jaipur) calcium 
oxide content increases downwards in the soil profile resulting in calcium 
carbonate accumulation or Kankar bed formation. It is due to rain water 
which had sufficient time to leach the calcium content in the sub-soil is 
nearly ten times that of the top soil. In most of the desert soils. 
Diphosphorous penta oxide ranges from 0.05 to 0.1 per cent. This 
deficiency is however, made upto a certain extent by the presence of high 
available Nitrogen in the form of Nitrates. Thus phosphates together with 
nitrates go a long way to make these desert sands fertile for agricultural 
crops and other plants whenever, nitrates is not deficient. The pH of the 
33. Faroda, A.S. el al. Management of Indian Arid Range Land, Technical Bullclin 
CAZRl, Jodhpur, Vol. No. 4, 1980, p. 6. 
34. Chauhan, T.S. Integrated Area Development of Indian Desert, Geo-Environ 
Academica and Divyajyoti Prakashan, Jodhpur, 1988, p. 64. 
35. Abichandani, C.T. Genesis Morphology and Management of Arid Zone Soils, 
Proceeding of the Symposium on Problem of Indian Arid Zone, Jodhpur, New 
Delhi, 1964, p. 126. 
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soils and sand varies between 7.2 and 9.2 with majority falling within the 
range of 8.1 to 8.8.^^ 
The soil of western Rajasthan vary in their nature and composition. 
The soil in north eastern part is composed of fine silt. They are 
predominantly sandy in nature, with poor moisture holding capacity and 
good permeability.^'' The soils of Ganganagar district are yellowish grey 
in colour and gritly with friable lumps and fewer kankar nodules.-^ ^^ In the 
central part of western Rajasthan, the soil varies from sand, sandy loam to 
rock gravel. Further the western most district of Barmer and Jaisalmer are 
mostly covered with sand. These soils contain a high percentage of 
soluble salt and have high pH value. 
Though the soil of western Rajasthan are generally sandy in nature, 
but the areal differentiation reveals considerable variation in their colour, 
texture, structure, aeration, compaction and microbial environment water 
holding capacity and fertility status. The soils of western Rajasthan have 
been divided into different groups (Fig. 4). 
1. Soils of the Sand Dunes 
The arid region of western Rajasthan is covered with 58 per cent of 
sand dunes of different form, magnitude and orientation. They are usually 
in chains of longitudinal dunes, but transverse and barchan dunes are also 
common in this region.^^ These dunes are distributed beyond the Luni 
basin to the Rann of Kutch. In arid Rajasthan, Kolarkar (1994) reported 
tha dune soils are dominant formations in about 33 per cent area and sub-
dominant associated in another 25 per cent area and occur in almost all 
36. Roy Chaudhary, S.P. Classification and Fertility of Soils of Desert and Semi-
Deserl Regions, Proceeding of the Symposium on Problem of hidian Arid Zone, 
Jodhpur, 1964, p. 105. 
37. Ahmad, A. Human Geography of Indian Desert, Ph.D. Thesis (Unpublished), 
A.M.U., Aligarh 1963, pp. 125-126. 
38. Fi>w! Report of All India Soil Survey Scheme, Bulletin No. 73, 1975, pp. 212-
214, New Delhi. 
39. Mann, H.S. et al. A study of the moisture availaiblity and other conditions of instablised 
dune in the context of present landuse and further prospects of desertification, In Annals 
of Arid Zone, CAZRI, Jodhpur, Vol. 15(4), 1976, p. 270. 
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Fig. 4 
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the arid districts. The sand dunes are of different type viz. parabolic, 
coalesced parabolic, transverse and barchan. Among these dunes parabolic 
and coalesced parabolic are dominant, varying in height from 10-40 m.'"^  
The dune soils are fine sands, single grained, porous, and have a 
poor water holding capacity. It contains 95 per cent fine to medium 
textured sand and rest of the 5 per cent clay. The pH value of these duens 
ranges from 8.3 to 8.8. These soils are generally considered unfit for 
cultivation but in some favourable regions the crops are cultivated once in 
three or four years. 
Sand dunes occur throughout western Rajasthan in a varying degree. 
But the soils of this class are mainly relegated to the west of 25 cm 
Isohyet.'" The dunes are both stablised and active. However, the stablised 
dunes dominate, dunes include very deep, weakly structured, yellowish 
brown, calcareous fine sands to loamy sand which may have an 
overburden of recently deposited, slightly calcareous sand at varying 
depth. In some cases lime nodules also occur at varying depths within 150 
cm depth of stablised dunes, 
2. Desert Soil 
The desert soils of western Rajasthan extend considerably over the 
district of Jaisalmer, Bikaner, Churu, Barmer and parts of Pali, Jalore, 
Ganganagar and Nagaur which are mostly confined in the interdunial 
areas. This region consists of wind blown sand being typical desert. Most 
of this area consist of wind blown sands with yellowish to yellowish 
brown, sandy to sandy loam soils.''^ These soils are loose, structureless 
and well drained with rapid permeability. The fertility status of the soils 
is poor, organic matter on an average varies from 0.2 per cent to 0.3 per 
40. Kolarkar, A.S. Soils of Indian Arid Zone, Sustainable Development of the Indian 
Arid Zone - A Research Perspective (Eds. R.P. Singh and Singh, S.) Scientific 
Publishers, Jodhpur, 1994, pp. 25-31. 
4 1. Roychaudhry, S.P. Classification and Fertility of Soils of Desert and Semi-Desert 
Regions, Proc. Symp. Probl. hid. Arid Zone, Jodhpur, 1964, pp. 101-106. 
42. Gupta, R.K. and Ishwar Prakash. Environmental Analysis of the Thar Desert, 
Dehradun, 1975, p. 101. 
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cent nitrogen and available phosphorous is less than 0.22 per cent and 
0.004 per cent."^ -^  The Kankar (hard pan) layer which inhibits the root 
growth is present below 75 cm and wind erosion is severe because of 
scanty vegetation cover.'''* 
In the extreme west the soil is light and sandy. In the neighbourhood 
of .Jaisalmer within a radius of 65 km. the soil is very stony and numerous 
low rocky ridge and hard undulating plains occur. Generally, there is an 
interminable sea of sand hills some of which rise to 50 metre. Further 
north in Bikaner region the southern, central and western parts form plain 
of the highest class of sandy soil, broken at short intervals by ridges of 
almost pure sand. In the north, towards Ganganagar the soil is more level 
and consists of light loam, improving east ward in quality. In the eastern 
parts the soil is sandy loam while in the south-east it is less loamy and 
sand hills are more frequently encountered.''^ The cultivation is strictly 
limited due to climatic hazards and moisture deficiency. 
3. Red Desertic Soil 
These soils are found in the districts of Nagaur, Jodhpur, Pali, Jalore 
parts of Churu and Jhunjhunu. They are reddish pale brown to dark brown 
loose and structureless. Iron contents have been throughly oxidized to 
give them a red appearance, poorly developed horizons and fragments of 
parent rocks occur. Their texture varies from sandy loam to sandy clay 
loam and Kankar layer is present at 50 to 100 cm depth. The soil is 
suitable for cultivation but adverse climatic limitations do not permit 
landuse at ease. 
4. Sierozems : 
These soils have developed from the sediments deposited by the river 
Ghaggar and its tributaries. These type of soils are found in Nagaur and 
43. Randhawa, M.S. et al. Farmers of India, Vol. IV (M.P., Rajasthan, Gujarat and 
Maharashtra), ICAR, New Delhi, 1968, p. 86. 
44. Roy Chaudhry, S.R Classification and Fertility of Soils of Desert and Semi-
Desert Regions, Prob, Symp. on Arid Zone, Jodhpur, 1964, pp. 101-106. 
45. Ibid, p. 105. 
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Pali districts. The soils are brown to light brownish grey, yellowish 
brown, moderate calcareous. Sandy loam and sandy clay loam soils with 
different structue and fairly rapid permeability. The silt content of these 
soils quite significant. The water retention capacity of these soils is 100 
to 130 mm per metre depth.''^ In this region soil are alkaline, low in 
organic matter and lime concentration layers is present at 100-150 cm 
depth. This type of soil is suitable for cultivation, but suffers from climate 
hazards.'^'' 
5. LethosoJ and Regosol 
This soil type is mostly found in isolated hills along the slopes. 
These soils are shallow light textured having low infilterates and are 
poorly drained. 
6. Red and Yellow Soils of the Foothills 
These soils are found along the foothills of Aravallis in Pali and 
Nagaur districts. They are yellowish brown sandy to sandy loam and 
sandy clay soils. 
7. Old Alluvium 
The old alluvium in western Rajasthan are extended mostly in Sikar 
district, although these soils have been derived from alluvium the soils 
consist of medium to coarse sand, silt and clay. Texture of soils is loamy 
sand to sandy loam and mostly non-calcareous. The alluvium is well 
drained and occupy gently sloping terrain. The soils are good for 
agriculture. 
8. Yellowish Brown Soil of Foothills 
These soils are found on the foot hills of Aravallis. The texture of 
soils varies from loam to clay loam with moderate to good drainage. The 
colour of the soil mostly yellowish brown. 
46. Kolarkar, A.S. et al. Soils of Indian Arid Ecosystems, Desertification Control in 
the Arid Ecosystem of India for Sustainable Developments. Eds. Singh, S. and 
Amalkar, Agro-Botanical Publisher, Bikaner, 1997, p. 5 1. 
47. Roy, B.B. and Sen, A.K. Soil Map of Rajasthan, Annals of Arid Zone, CAZRI, 
Jodhpur, Vol. 7, No. 1, 1968, p. 4. 
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9. Saline Soils of Depressions 
In the plains of western Rajasthan saline soils are found in the 
depressions or the 'Rann' of Banner, Jaisalmer, Bikaner and Nagaur 
distrits and include several salt basins like Bap, Pachpadra, Sambhar, 
Didwana to Rann of Kutch. The colour of the soils are dark grey to pale 
brown the water table is very close to surface. Agriculture in this region 
is not possible due to high degree of salinity and also impeded drain the 
only vegetation which grows on these soils is salt resistant grasses. 
The soils of the Indian desert are coarse grained, loose, structureless. 
They are sandy to loam sand. These soils have very low organic matter 
contents to keep them together. Their nitrogen levels are low to very low 
due to intense heat which dissipates nitrogen from the soil. They are not 
cohesive soils. Their erodibility levels are high. As a result of it these 
soils are highly vulnerable to desertification except in some favourable 
locations such as alluvial plains and the paleo-river beds. 
Drainage Network and Density : 
The drainage pattern in western Rajasthan owes much to geological 
formations and climatic oscillations.'*^ Arising out of paucity of rainfall, 
the water resources of the region are scarce. The entire region, with the 
exception of some favourable situations, is devoid of an organised 
drainage system.'*^ From the rocky and gravelly surfaces, a number 
runnels originate, which run for a few kilometers before disappearing. In 
the dominant sandy tract even these are absent. The streams are mostly 
misfit and soon die out in the desert area due to alluvial suffocation. It is 
only in the east that a good network of drainage lines exist (Fig. 5). The 
precipitation is the principle source of groundwater, which is often erratic 
and scanty. With all the associated ill effects, such as frequent droughts, 
crop failures, acute shortage of drinking water and famine conditions. 
48. Ahmad, A. Human Geography of Indian Desert (Unpublished Ph.D. Thesis), 
A.M.U., Aligarh, 1962, p. 163. 
49. Mehra, T.N. Ground-water Resources of the Arid Zone of India, Desertification 
and its Control, ed. P.L.^Jaisawal, ICAR, New Delhi, 1977, p. 156. 
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i) The Luni Drainage System 
Luni is the only important river of some consequence in western 
Rajasthan. Luni rises in the northwest of Ajmer at an elevation of 550 
metres abaove mean sea level. It is first known as Sagarmati and after 
passing Govindgarh in Ajmer district it is joined by Sarsute (Saraswati) 
which has its source near sacred lake of Pushkar and from this point it is 
called Luni.^° It is the only visible drainage system which make its way 
through the desert to the Rann of Kutch. Most of the tributaries of Luni 
join it on the left bank for physiographic reasons. Among the tributaries 
of Luni which deserve mention are the Lilri, Raipur Luni, Mithri, Sukri, 
Guhiya, Bandi, Jawai, Bandi nadi, Sukri nadi and Sagi nadi on the left 
Bank and the Jogri on the right but none of them is perennial.^' 
The Luni river has a length of 482 kms. and the catchment area of 
62,500 sq.km.^^ The average depth is estimated to be 8 feet and width 
3800 feet. The nature of river is most changeable and erratic. As far as 
Balotra the water is generally sweet but lower down it becomes more and 
more saline in character till on the edge of the Rann of Kutch. 
The fairly recognisable drainage system constitute the river Luni and 
its tributaries which come into their own only during the short monsoon 
period. Rest of the time their channels are dry. River Luni during heavy 
floods only drains water into the Rann of Kutch. 
The Luni river system drains only a small area in the southern part 
of the desert and its catchment is not so vast as to account for the alluvial 
deposit in the northern part of the desert. Infact, the role of any 
Himalayan river in the alluviation process between Luni and the Ghaggar 
has never been thought of except for the northern fringe of the desert 
50. Tod, James, Annals of Antiquities of Rajasthan, Calcutta, Vol. 1, 1957, p. 13. 
51. Chauhan, T.S. Integrated Area Development of Indian Desert, Geo. Environ. 
Academia, Jaipur, 1988, p. 26. 
52. Srivastava, K.K. et al. Potential Evapotranspiration loss and ground water 
recharge in Luni Basin, Current Trend in Arid Zone Hydrlogy. Ed. Gupta, S.K. 
and Sharma, P., New Delhi, 1979, p. 302. 
112 
where several authors have mentioned the existence of dry valley of the 
Saraswati of the Vedic period.^^ 
The Luni river coming from the western slopes of Aravalli, flowing 
towards the south-west direction from its source turns to southwards 
direction near Gol and then flowing more or less straight till it enters the 
Rann of Kutch. 
After flowing through Nagaur, Pali and Jodhpur district the river 
Luni enters district Barmer near village Flampura in Pachpadra tehsil, and 
flows westward till just beyond. Tilwara, where it alters courses to south-
west. In the years of heavy rains which, however, are rare, the river 
overflows (known as Rel) when crops of wheat, gram and barley become 
possible. After flowing into Jalore district it finally loses itself in marshy 
ground at the head of the Rann of Kutch. Another river the Sukri has its 
source in Aravalli hills, south of Desuri and flows along the north-western 
part of that town eventually it joins the Luni just above Samadri. Another 
rivers of the district are Mitri and Sukri no. 2 among streams mention may 
be made of the Lik Nadi in Pachpadra tehsil. Ranigaon Nala near Barmer 
town, and Kavas and Kehoraryal Nalas in Shiv tehsil. In real sense, there 
is no lake in the district. However, there are numerous small ponds called 
'pars' which are used for bed cultivation of wheat during the years of 
heavy rains. Most of the ponds are dry by early summer but the ponds of 
Rewana in Pachpadra and Shiv tehsil usually retain some water throughout 
the year. 
Guhiya has its source in the lower ranges of hills south of Bilara, and 
after flowing south-west for nearly 32 kilometers it is joined by Sukri. 
Luni is the only, river which flows in the south and south-eastern 
parts of the Jodhpur district, comprising the area of Jodhpur and Bilara 
tchsils. After flowing through the portions of Nagaur and Pali district this 
river enters the district near village Jhak (Bilara tehsil). Mithri is the chief 
53. All, S.M. The Problem of Desiccation of the Ghaggar Plains, hidian Geog. Jour. 
VoL 1, XVI, No. 2, 1942, pp. 166-178. 
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tributary of this river in the district which joins Luni near village Khejarli 
Khurd (Jodhpur tehsil) to ultimately form a huge artificial lake known as 
Jaswant Sagar. The total length of the river in the district is 122 
kilometers. The seasonal streams in the district are Jojri, Golasmi and 
Gunaimata, besides a rivulet Bastua. 
The drainage of Jhunjhunu district is inland and is related to the 
Kantli river system which is a non-perennial river and flows in the 
district. This river covers a large area of the district and flows in south to 
north direction. It originates in the Kiandera block hills of Sikar district 
and enters this district from the south-western portion of Udaipurwali 
tehsil. After passing through the area of all the tehsils of the district, it 
ultimately enters Churu district. Besides, there are four major streams, 
namely Dohan, Chandravati, Udaipur Lohagarh-ki-Nadi and Sukh Nadi. 
There is no lake in the district. 
A segment of the great Indian Desert covers the north, northwest and 
north-cast parts of the Nagaur district. No river has its source in the 
district. Luni is a non-perennial river. Its flow depending upon the volume 
of rainfall it receives during the monsoon season. The river Luni, after 
passing over the western slopes of the Aravalli crosses Nagaur district in 
the south and flows through it towards the west for nearly 37 kilometers 
before entering into Pali district. Lungiya, Rohisa, Rohisi, Jasnagar and 
Surpura villages of the district are situated on the banks of this river. 
A big salt lake exists at about 3 km to the south-Avest of Deedwana. 
A part of the famous Sambhar lake in Jaipur district belong to Nagaur 
district. 
There is no perennial river in the Pali district. Four tributaries of 
river Luni viz. Sukri, Lilri, Bandi and Jawai flow in the district. There is 
no lake or natural spring in the district. For Irrigation purposes a number 
of big and small tanks have been constructed. Among them, Jawai dam in 
Bali tehsil has the largest capacity while the smallest is water tanks. 
The district Sikar has no perennial river but there are five steams in 
the western region namely Mendha, Kantli, Dohan, Krishnawati and Sabi. 
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Jawai rises in the soutli east corner of the region, it flows north close 
to Nawa and Berai, then northwest along Jodhpur-Sirohi border. 
There are numerous salt lakes are common in the desert of which 
Pachpadra, Sambhar, Didwana, Bap, Pokhran and Rann of Jaisalmer are 
most important. In the western most part of the great desert in Jaisalmer 
there are numerous rivulets, which depend for their volume and extent on 
rains, Lathi-ki-Nadi rivulet formerly entered Jaisalmer from Jodhpur near 
Lathi on the east and flowed northwest as far as Mohangarh. However, its 
bed has contained no water since 1885.^ *^ 
ii) The Ghaggar River System 
The Ghaggar river once flowed through the Ganganagar district and 
drained into the Arabian sea, after joining the Indus, and is now a 'dry 
bed' except druing the rains. The Ghaggar upto 1000 B.C. was known by 
its more prominent tributary, Saraswati.^^ 
The Ghaggar, war, Saraswati, Niwal and Drishadvati originate from 
the Himalayan foot hills and drain the northern part of the arid tracts in 
Ganganagar district and ultimately dieout in the Ghaggar alluvial plains 
near Hanumangarh district.^^ 
Ghaggar river locally known as 'Nali' is an ephemeral one and has 
north-cast to south-west courses near Hanumangarh district. It sometimes 
gets flooded during the monsoon. The two main irrigation canals viz. the 
Gang Canal have put the district on the agricultural map of India. An 
artificial lake known as Talwara Jhil lies in Hanumangarh tehsil which has 
come into existence by formation of a depression in the bed of Ghaggar 
river where water is accumulated. 
While going through our scriptures and epics like the Rigveda, the 
Mahabharata, the Bhagavat Purana, etc. we find some references to 
ancient rivers of India, some of which are now lost, one such river in the 
54. Rajputana Gazetter, Vol. IIIA. The Western Rajpulana Stales Residency and the 
Bikaner, Allahabad, 1909, p. 24. 
55. Mehra, T.N. and Amal K.S. Ground water Resourses of (he And Zone of India, 
Desertification and its Control, ed. P.L. Jaisawal, ICAR, New Delhi, 1977, p. 156. 
56. Op.cit., p. 23. 
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western part of India was the Saraswati which used to flow through this 
desert.^^ In yet another account during the proto-historic (3000 B.C. to 
500 B.C.) and early historic (500 B.C. to A.D. 400) periods western 
Rajasthan in Ganganagar district was the cradle of a such river valley 
culture of the ancient Saraswati until it drifted westwards and disappeared 
with the change of river course.^^ 
The shifting and drying of the Saraswati-Drishadvati river system 
were due to the aridity and advancing sand and also due to the shifting of 
the Sutlej which left these rivers more erratic in flow and later dry out.^ *^  
Along with the Saraswati one of its major Himalayan tributaries, the 
Drishadvati (or the Chautang), also flows through the Rajasthan desert. 
Formerly it is used to meet the Saraswati perhaps around the present site 
of Surjansar and helped much in the quaternary alluviation of this part of 
the desert. But as and when the Saraswati began to swing westward, the 
Drishadvati also turned westward and finally left the arena of desert.''" 
iii) Ephemeral Streams 
There are also innumerable minor streams and streamlets, confined 
to piedmont plains. These streams are ephemerals and flow only during 
above rainfall years. The course of these river and streams are shallow and 
wide, it is therefore, natural that the surface water resources are generally 
limited.''' 
Towards the west, as the aridity intensifies, the drainage becomes 
sparse and ephemerals in the extreme west. 
57, Ghose, B. and Amalkar, The former streams courses in the Indian Desert and 
their effect on natural Resources, Proc. hido-US workshop on Arid Zone 
Research, CAZRl, Jodhpur, DST Government of hidia, New Delhi, 9-14 Jan. 
1984, p. 141. 
58, Adyalkar, P.G., Palaeogeography, Sedimentological Framework and Ground 
water Potentiality of Arid Zone of Western India, Proc. Symp. Probl. hidian Arid 
Zone, Jodhpur, 1964, p. 15. 
59, Op.cit. p. 143. 
60, Op.cit. p. 143. 
61, Chauhan, T.S. Integrated Area Development of Indian Desert, Geo-Environ 
Acadeinia, Jodhpur, Divyajyoti Prakashan, Jodhpur, 1988, p. 90. 
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The district Bikaner has no hill and no rivulets or streams of any 
significance small ephemeral streams flow in the vicinity of Kolayat, 
Gajner and Gura. Natural inland depressions which retain some water 
during the summer are located near Lunkaransar, Kolayat, Jampur and 
Nal. Construction of Canals in its western parts has led to activation of 
the stable dune field to a large extent. The migrating sand is, however, 
threatening the Canals and roads, besides spreading eastwards. Salinity 
hazards and undesirable rise of water table are also developing in the 
canal command area. 
The district Jaisalmer has no perennial river. However, among the 
few streams which flow around Jaisalmer, one is called 'kakni' which 
rises near village Kotri about 22 kms. south of Jaisalmer. It flows first 
towards the north and then turns west. Near Rupsi village it forms a lake 
known as 'Bhuj' Jhil. There are no natural lakes in the district.^^ 
On the whole in western Rajasthan, there is no perennial river. All 
rivers, stream and rivulets entirely depend upon the amount and incidence 
of rainfall. 
Ground Water Depth and Chemistry 
Water demand in desert is mainly met from ground water resource. 
Unconsolidated or semi-consolidated aquifers are potential sources of 
water in the desert region of Rajasthan. These often lie adjacent to saline 
aquifers and receive insignificant replenishment due to water deficit 
climatic conditions, low and erratic rainfall, coefficient of variability 
exceeding 50 per cent (Krishnan and Thanvi, 1974) and evapo-
transpiration more than ten times the annual rainfall. The conditions rarely 
leave surplus water available for recharge aquifers.^-^ 
62. Spate, O.H.K., India and Pakistan, Methuen, London, 1954, p. 485. 
63. Krishnan and Thanvi (1974). Trend of Ground water level and their impact on 
Arid Ecosystem of Rajasthan by Paliwal, S.C. and Sharma, D.C. in 
Desertification Control in the Arid Ecosystem of India for Sustainable 
Development, ed. Surendra Singh and Amalkar, Agro-Botanical Publisher, 
Bikaner, 1997, p. 159. 
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Ground water exploitation without adequate recharge has affected 
desert ecosystem. Water levels are depleting and deterioration of chemical 
quality of groundwater by ingression of saline water and reduction of 
yield of wells have become common/''' 
The requirements of water for drinking for livestock and for 
irrigation are met either from the ground water resources or from a 
network of canals from the neighbouring sub-humid region as from the 
local tanks. 
In most arid parts of western Rajasthan the amount of rainfall is very 
low and the absorption rates of the soil are high, the consequent run-off 
potential is less. Besides, the high percolation rates are suggestive of good 
ground water potential. But one should not loose sight of the fact that 
there are extensive sub-soil moisture barriers of lime, Kankar, and salt 
commonly known as hard pans at varying depth. These hard pans 
generally inhibit the gravity induced downward movement of soil water 
through them. The soil water, in the zone of aeration, is lost into the 
atmosphere by induced evaporation. Nevertheless, ground-water is not 
merely an attribute of the climatic and physiographic features but to a 
great extent, it conforms to the underlying geological formation and 
bedding planes.^^ 
It is reported that over 75 per cent of the area of western Rajasthan 
is occupied by semi-consolidated and consolidated bedrock formations of 
Eocene and older geological ages, and except for Bikaner region, the 
formation have poor capacity to hold and transmit water.'^'' 
The ground water in the arid zone occurs in rock ranging in age from 
Pre-cambrian to the quaternary system. In hard crystalline rocks such as 
64. Paliwal, S.C. and Sharma, D.C. Trend of Ground Water Levels and Their Impact 
on Arid Ecosystem of Rajasthan, Desertification Control in the Arid Ecosystem 
of India for Sustainable Development. Eds. Surendra Singh and Amalkar, Agro-
Botanical Publisher (India), Bikaner, 1997, p. 159. 
65. Quereshi, S. Regional Perspective on Dry Farming, Unpublished Ph.D. Thesis, 
A.M.U., Aligarh, 1988, p. 58. 
66. Taylor, G.C., Proc. Symp.on Rajputana Desert, Bulletin, No. I, 1952. 
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gneisses, schist, phyilites and quartzites, the ground-water occurs and 
moves through the joints, fractures, foliatics planes and weathered zones, 
whereas, in the sedimentary rocks, like sand stones, the ground-water 
occurs and moves through the pore spaces and interstitial opening of 
granular sediments.^'' 
Ground water in western Rajasthan generally occurs under low 
water-table conditions (unconfmed) in hard crystalline and alluvial 
formations. In sandstones of the tertiary and older ages, ground water also 
occurs under semi-confined to confined conditions owing to the presence 
of overylying impermeable horizons. The depth upto which water is 
available in the arid zone ranges from less than 10 metre to as high as 70 
metre below the land surface. At some places, however, ground water may 
be at depth more than 100 metres. The lowest water-table has been 
observed in the area of south of Bikaner in Rajasthan (Fig. 24).^ *^  
The following category has been made in order to assess the spatial 
variation in ground water depth and their chemistry. 
i) Regions of High and Secondary Water Table and their Chemistry 
It is important to bear in mind that there is no organised or perennial 
drainage system in western Rajasthan Ganganagar is the only exception 
where Rajasthan canal network has led to a secondary water-table. 
The perched water table becomes shallower southwards and 
westwards. Ratangarh, Taragarh and Churu tehsils of the same district 
show shallow water, Rajgarh tehsil of Churu district has preponderence of 
brackish water. 
The nature and depth of ground water in Churu is one of the major 
reasons of minimum percentage of vegetation cover in the district. 
Another reason of ground water scarcity in Churu may be the vast extent 
of sand dunes. Churu receives twice as much of mean annual rainfall as 
67. Mehra, T.N. and Sen, A.K. Ground-water Resources of the Arid Zone of India, 
la Desertification and its Control, ed. P.L. Jaisawal, ICAR, New Delhi, pp. 156-159. 
68. Ibid, p. 157. 
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Jaisalmer and considerably higher rainfall than Banner and Bikaner. Still, 
it has most scanty vegetation cover largely due to the non-availability of 
the surface water and poor availability of perched water. It has been 
observed that perched water levels do vary with rainfall, physiography and 
agro-climatic environment.^^ Rainfall is high with low co-efficient of 
variation in the foothills and the related water levels are shallow. In Jalore 
shallow wells are found along the Jawai and Sukri streams and 6 to 9 
metre deep wells on the entirely hill, rocky outcrops appear a contribution 
of catchment area seepage. In Jodhpur 9 metre deep wells on Golabar ki 
nadi an ephemeral stream and at Bhenaniyan ki Dhani appear to be related 
with a shallow water horizon. In the Pali region the ground water occurs 
along the bedding planes and through fracture and cleavage plane and is 
confined to an average depth of 45 metre, however, the water-table in 
about 90 per cent of the wells in this region lies at a depth of about 20 
metres. In individual cases the table may be as high as 4 metre, from the 
surface.""^ 
In Jaisalmer district the perched water table is associated with the 
rocky and gravelly wastes. There is a maximum fluctuation of water table 
in these areas in response to the annual co-efficient of rainfall. A few 
perennial wells along the extreme western border of Jaisalmer at Dharmu 
Khu, Ghantial and Gotaru villages provide evidence in support of the 
earlier course of Saraswati. The brackish wells have insufficient water and 
arc generally away from the old course of Saraswati.^' 
In Indira Gandhi Canal Command Area there has been a regular rise 
of water level at an annual rate of 0.75 m in Suratgarh, 0.62 m 
Hanumangarh, 0.58 m Sadulshahar, 0.35 m nohar and 0.30 m in Bhadra 
69. Paliwal, S.C. and Sharma, D.C. Trend of Ground water Levels and their Impact 
on Arid Ecosystem in Desertification Control in the Arid Eco-syslem of India for 
Sustainable Development, Eds. Singh, S. and Kar, Agro-Botanical Publisher, 
Bikaner, 1997, pp. 159-173. 
70. Taylor, G.C. et al. Bulletin Geol. Surv India, Series B, No. 6, 1955, pp. 36-37. 
71. Quereshi, S. Water Table Heterogeneity and (he Ecosystem Diversity, Resource 
Management Ed. Abhaiakshmi Singh, B.R. Publishing Company, 1999, p. 376. 
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Block. In Churu district tiiere is a trend of depletion in groundwater level 
in Ratangarh, Sujangarh and Taranagar blocks at the rate of 0.32 m to 0.68 
m per year since 1984.^^ In Ganganagar and Hanumangarh area of rising 
water table the ecosystem has experienced problems of drainage, 
waterlogging, loss of agricultural land and malaria intensification. In the 
areas of lowering water table in Churu the ecosystems are facing problems 
of vegetation depletion and degeneration and the induced erosion is 
leading to degradation of land. 
The quality of ground water in western Rajasthan generally 
deteriorates along with the decrease in precipitation towards north-west. 
The saline water in the arid zone is dominated by sodium and chloride 
ions. The less saline waters are rich in bicarbonate, sulphate and divalent 
cations.''-^ 
Ground water in western Rajasthan is inherited by diversity of 
quality problems (Gupta and Vijeya, 1983). Quality of ground water varies 
widely. It deteriorate with distance from drainage courses in Jalore district 
and with depth in Ganganagar district.^'' The district Ganganagar, 
Jhunjhunu, Sikar, Pali, Jalore comes under medium Sodium Adsorption 
Ratio (SAR). Whereas, distribution of sulphate recorded low in 
Ganganagar, Jhunjhunu and Sikar. The main reason for high SAR in 
ground waters is their sodium dominating character. Ground water in 
Sikar, Jhunjhunu, Nagaur, Barmer and Jaisalmer have also significant 
concentration of Residual Sodium Carbonate. 
(ii) Regions of Medium Water Depth : 
There are various tehsils which lie under this category. In Jhunjhunu 
district most of the medium depth wells found in Jhunjhunu, Chirawa and 
72. Paliwal, S.C. and Sharma, D.C. Trend of Ground water Levels and their Impact 
on Arid Ecosystem of Rajasthan, Desertification Control in the Arid Ecosystem 
of India for Sustainable Development, Eds. Surendra Singh and Amalkar, Agro-
Botanical Publisher, Bikaner, 1997, pp. 158-173. 
73. Paliwal, K.V. Quality of Irrigation Waters and their Effect on Soil Properties in 
Rajasthan, A Review Annals of Arid Zone, Vol. 10, No. 4, 1977, pp. 266-278. 
74. Ground Water Atlas, Department of Ground Water Board and Irrigation 
Department of Rajasthan, Jaipur. 
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Khetri tehsils at the average depth of 50 metre, whereas Fatehpur tehsil in 
Sikar district have 60 metre depth. In Nagaur district Nagaur, Merta and 
Jayal have medium water depth at an average of 65-70 metre. Shergarh, 
Jodhpur, Bilara and Bhopalgarh tehsils of district Jodhpur have recorded 
55, 60, 45 and 85 metre depth. In Banner district Baytu and Pachpadra 
have medium water table at an average depth of 60 metres. In Nagaur 
district the static water level is more than 50 m deep towards the western 
and northwestern parts of Nagaur tehsil but it is restricted to 20 m in 
linear belt running north-south in Nagaur tehsil. In the rest of the area, 
ground water is between 20 to 50 m.''^  
The average effect of high Sodium Adsorbtion Ratio and Residual 
Sodium Carbonate in Irrigation water is well known. Joshi and Dhir 
(1989) have observed that continuous use of waters having RSC on sandy 
loam soils. In Barmer district have turned the soils completely barren.^^ 
Based on the data obtained from Rajasthan Ground Water Board it is 
revealed that 60 per cent area of western Rajasthan is dominated by saline 
water. It is evident that the districts having very low rainfall like Churu 
have 82.02 per cent, Bikaner 80.44 per cent, Ganganagar 94.89 per cent 
and Barmer 75.89 per cent of Saline waters. But increased salinity in 
Ganganagar is due to uneconomic and extensive use of Canal Irrigation. 
Therefore, risk of desertification is imminent in these districts. Similarly 
Jaisalmer 69.84 per cent, Jalore 69.64 per cent, have high saline water 
infested areas. These saline waters are a potential hazards to 
intensification of desert like conditions in future. 
Regions of Low and Permanent Water Levels and their Chemistry 
Deep wells of permanent water table at an average depth of more 
than 115 metre are found in Bikaner, Kolayat and Nokha tehsils of 
Bikaner district. The occurrence of brackish water is high in Nokha 
75. Chatterji, P.C. and Kar A. (Eds.) Natural and Human Resources of Nagaur 
District, CAZRI, Jodhpur, 1992, p. 142. 
76. Joshi, D.C. and Dhir, R.P. International Symposium on Managing Sandy Soils 
Abstract, 1989, pp. 474-475. 
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lehsil.^'' The water table in the extreme western zone in Barmer, Jaisalmer 
and Bikaner lies at depths of more than 70 metres from the surface.''^ In 
Jodhpur district most of the deep wells are in Phalodi and Osian tehsils. 
Shiv tehsil of Barmer, Sardarshahar and Sri Dungargarh in Churu and 
Nagaur tehsil of the same district have low water table at an average depth 
of 100 metres. In Jaisalmer district also deep well are at great depths in 
Toga, Sangar, Bhilani, Devika, Somliyas and Kapuri villages. In the Lathi 
series of Jaisalmer the water level ranges from 30 to 105 metre below 
ground level. The lathi sand stones have come to be recognised as 
potential ground water reservoirs of great promise. The water-table in the 
Jaisalmer limestone ranges from 69 to 107 metre. These limestones series 
bear water through their joints, while sand stones support wells due to 
their porous nature. In Jaisalmer where the water-table is reported to vary 
from 200 to 300 feet water seldom occurs at only 25 feet of depth in the 
alluvium.^^ The ground water in Jaisalmer district occurs in almost all 
formations but the quality and quantity vary considerably in different rock 
types. In Jaisalmer limestone and Crystalline Igneous formation ground 
water occurs in limited quantity under water table conditions.^° In Churu 
district the water table is at great depth southward. In the Sangar village 
of Jaisalmer district it is interesting to note a 19 metre deep well within 3 
kilometres of 128 metres deep well. The shallow well is on the perched 
water table at the edge of the gravelly waste. In none of the locations of 
deep water wells there was any appreciable cover of natural vegetation.^' 
It has been observed that the occurrence of brakish water is relatively 
higher on shallower well nearly 26 per cent as compared to medium depth 
77. Qiiereshi, S. Water Table Heterogeneity and the Ecosystem Diversity, Resource 
Management ed. A.L. Singh, B.R. Publishing Corporation, Delhi, 1999, p. 376. 
78. Jaisalmer Gazetteer, p. 168. 
79. Adyalkar, P.G. Palaeo-geography, sedimentological framework and ground water 
potentiality of the Arid zone of western India, Proc. Symp. Probl. Ind. Arid Zone, 
Jodhpur, 1964, p. 15. 
80. Chatterji, P.C. and Kar, A. Integrated Natural and Human Resources Appraisal 
of Jaisalmer district, CAZRI, Jodhpur, 1989, p. 156. 
81. Quereshi, S. Water table Heterogeneity and the Ecosystem Diversity, Resource 
Management ed. A.L. Singh, B.R. Publishing Corporation, Delhi, 1999, p. 376. 
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wells 14 per cent. Deeper wells showed only 5 per cent of brackish water 
occurrence.^^ The deterioration is quality of ground water is widespread 
and nearly 68.4 per cent samples show increase in salinity. The change in 
water levels, leaching of chemical fertilizers and effluents from textiles 
and other industries have influenced mineralization of ground water under 
different hydrogeomorphic regions. The deepening of wells due to 
increase in depth of water level have also facilitated release of salts from 
clay and argillaceous sediments.^^ 
Natural Vegetation Cover and Composition : 
The general appearance of the vegetation in Rajasthan desert is poor, 
scanty, xerophytic widely dispersed leaving large areas barren. Vegetation 
is a part of complex ecosystem which includes the plant cover, the 
landform and the features of its surface deposits. Limitations of climate 
and soil conditions permit a relatively poor and sparse vegetation at 
different habitats in the Indian arid ecosystem.^"^ In a desert, a close 
relationship exists between the habitat, the vegetation and its environment. 
Thus relationship of an arid zone is always in a dynamic equilibrium as 
the minor changes in the physical environment entail dynamic changes in 
plant life. The vegetation of the desert regions shows examples of 
adjustment to natural environment, which displays the typical desert 
character with its extremely poor and discontinuous vegetation consisting 
of a few widely spaced herbs grasses shrublets, dwarf shrubs and 
occasional solitary stunted trees scattered over land with patches devoid 
of any trace of plant life.^^ 
82. ibid, P. 376. 
83. Paiiwal, S.C. and Sharma D.C. Trend of Ground water Levels and their Impact 
on Arid Ecosystem of Rajathan, Desertifiction Control in the Arid Ecosystem of 
India for Sustainable Development. Eds. Surendra Singh and Amalkar, Agro-
Botanical Publisher, Bikaner, 1997, p. 173. 
84. Kumar, S. Vegetation of the Indian Arid Ecosystem, Desertification Control of the 
Arid Ecosystem of India for Sustainable Development (eds.) Surendra Singh and 
Amalkar, Agro-Botanical Publisher, Bikaner, 1997, p. 71. 
85. E.G., Pichi-Sermali, The Arid Vegetation Types of Tropical Countries and their 
Classification, Proceeding of the Montpellies Symposium on Plant Ecology, Paris, 
UNESCO, 1955, p. 30. 
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The flora of the arid region includes many species which although 
found in various parts of the country, resemble with the Egyptian origin. 
A smaller number of plants may be of tropical African genesis also. 
Natural vegetation of Indian arid zone is diminishing continuously 
owing to reckless land use practices e.g. overgrazing, over-cultivation, 
deforestation and the like. Thus vegetation degradation and removal 
become potential cause of desertification. 
Inspite of the hazardous climate, unproductive soils and intense 
biotic pressure vegetation inherently covers a lot of land surface of 
Rajasthan. The life forms are a xerophytic shrub flora which is seen in 
discontinuous patches of plant communities consisting of an open 
assemblage of ephemerals, grasses, perennial herbs, undershrubs, shrubs 
and dwarf trees and sometimes badly mutilated trees.^^ 
The vegetation differs in the sequence of species as one passes from 
the extremely arid region (100-200 mm) of rainfall of the western part of 
.laisalmer district to the eastern part of Rajasthan (500-700 mm) and 
beyond. Within the similar environmental set up there are sharp changes 
in topographical features which work a distinct variation in plant 
communities.^^ The gradual east to west decrease of rainfall is reflected 
in the poor representation of natural flora. A comparatively thick 
vegetation cover of the eastern part becomes scarce in the west. 
On the basis of water source the vegetation of Rajasthan can be 
ecologically characterised into the following : 
ephemeral plants dependent on rain water 
perennial drought evading plants and 
perennial drought resisting plants 
The plants of the first category depend upon the rain, while the plant 
of third category depend upon the sub-terranean water retained in the 
depth of the soil. The plants of second category are intermediate ones. 
86. Mulay, B.N. A Study of the Problem of Rajasthan Desert, Proceeding of the 
Symposium on Problem of Indian Arid Zone, Jodhpur, 1964, p. 43. 
87. Saxena, S.K. Vegetation and its Succession in the Indian Desert, In 
Desertification and its Control, ed. Jaisalwal, P.L., ICAR, New Delhi, 1977, p. 176. 
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The vegetation occurs in small clumps. Some plants of the desert 
region have extra-ordinary power to resist high temperature and a 
remarkable ability to withstand dessication. Most of the plants escape the 
injurious effect of high temperature and low humidity by having green 
scaly twigs instead of leaves. Some species also develop epidermal 
protective structures such as hair, thorns and spines. In certain cases (such 
as Capparis aphylla) the leaves disappear altogether. Through these 
modifications the plants manage to resist the loss of water by 
transpiration. 
Generally, the plants of desert region fall into two main groups. 
(a) The annuals which depends upon the annual supply of rain, and 
(b) The perennial which depend upon the subterranean water retained in 
the deep layers of the soil. 
The annuals include plants which appear shortly after the rains. In 
years of good rainfall they cover practically the entire available land area. 
They are short lived and complete their life cycle with the cessation of the 
rains. Among the annuals most common plants are bharut (Cenchrus 
biflorus) and bakkar (Indigofera cordifolis). 
The perennials have deep roots through which they draw sub-soil 
water for their existence during the dry period. They have rather tough 
and leathery leaves. Perennials include plant such as 'bui' (Aerva 
tomentosa), 'kair' (Capparis decidua), land (Halosylon salicornian), 
'khcjra' (Prosopis spicigcra), and 'Phog' (Calligonum polygonoides). 
(i) Region of Tree Growth : 
The region of voluminous tree growth corresponds to the Aravallis 
mountains in the eastern parts of Pali-Jalore and Sikar-Jhunjhunu districts 
in areas with 500 mm and above rainfall. Moist deciduous to semi-
evergreen forests are found in areas above 400 feet of elevation in the 
Aravallis. Moist deciduous are found on the windward slopes and semi-
evergreen forests on the leeward slopes at corresponding heights of Desuri 
and Bali tehsils (Fig. 6). 
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The flora of the southern and south eastern zone includes desert as 
well as semi-desert types. On the higher slopes of Aravallis in Pali district 
chief species are Dhokra (Anogeissus pendula), Salar mixed with godal 
(Odina wodies), Karaya (Sterculia arcns) and 'dho' (Anogeissus latifolia), 
Khair (Acacia catechu), however, commonly occur on the lower slopes on 
the plains of Bali, Desuri tehsils 'anwal' (Cassia aureculata), babool 
(Acacia arabica) and Nim (Melia Indica) are found.^^ Common trees in the 
hilly tracts of Shekhawati are bamboo and 'dho' (Ano-geissus latifolia and 
A. pendula) on the sandy plains in Shekawati and parts of Nagaur Khair, 
babool, kikar, her, jal, Khejra, Rohira and Kakera abound. Areas located 
on the south-east including a part of the northern tehsils of Ladnun and 
Didwana are much green than the north-west region of the district. In 
more favoured tracts pipal, Shisham, Neem and Seras also occur. Jhao 
(Tamarix dioca, T. articulata, T. gallia), a gregarious tree is confined to 
the banks of saline depressions and sandy beds of dry rivers. Other 
common plants in the saline tracts are lana, slasola, foetida and Artiplex 
cressifolia. These plants have especially adopted themselves to the saline 
soils. They have fleshy leaves and axes, thick walled epidermis well 
protected stomata and extensive aqueous tissues. Their gland excrete 
salt.89 
The vegetation in the central and the western zones of Indian desert 
is characteristically xerophytic. Rohira, Khejra, Neem and babool are, 
however, common trees in the central zone. Other trees include mahua, the 
dhak or palas and the dho. In the rocky areas ber, dhao or dhokri and thor 
are characteristic species.^ "^ 
(ii) Scrubland Region : 
The central zone of Indian arid zone more or less co-existent with the 
little desert where dunes have stablized themselves under a growth of the 
xerophytic plants and scrublands. In the western and northern parts the 
88. Ahmad, A. Human Geography of Indian Desert, Unpublished Ph.D. Thesis, 
A.M.U., Aligarh, 1963, p. 120. 
89. Ibid, p. 120. 
90. Ibid, p. 122. 
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vegetation is represented by the scrub Jungle. The main species of shrubs 
are C. zizyphus Tamarix, Grewa etc. With plant such as 'rohira' and small 
acasia, hingota and thor, Among the common indigenous trees are Khejra, 
.Ihal and Chooti Jhal, ariya, Khair and Khumatia, bcr and Nccm. 
(iii) Region of Shrubs and Grasses : 
Western zone of 'Thar' spreads over the true desert, to the extreme 
west and north, where vegetation is very poor and is interspersed with vast 
barren areas. Most conspicous shrub of the sandy part in the giant munj or 
sirkania grass. The smaller bushes, include species like Khimp has straight 
leafless stem of bright green colour springing in clusters from the ground 
and elongated conical green fruit. The phug, like Khimp, is leafless but 
has crooked stemps and is eaten by camels other shrubs are okra and lana. 
The grasses are represented by 'bharut' known for much root, energy 
'murant' or murath, 'phalis' and siwan or tantia. Another grass dhamanes 
considered to be one of the best foods for cattle and horses. The grass 
'Birs' which are met with in the Sadri and Desuri ranges are composed of 
sparsely grown trees mixed with grass like eragrostis species, Lasirus 
indicus etc.^' 
The increasing human and livestock population resulting in extreme 
biotic intervention has degraded the pristine vegetation.^^ Present day 
vegetation is highly degraded in both community grazing lands and 
croplands. The tree cover in the cropped area is also getting sparser so 
there is an urgent need to arrest the desertification process in the western 
Rajasthan. 
91. Census of Rajasthan, Series No. 21, Part XII, A and B, 1991. 
92. Shankar Narayan, K.A. Impact of Over-grazing on grasslands, Annals of Arid 
Zone, CAZRI, Jodhpur, Vol. 16, 1977, pp. 349-359. 
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Climatic Characteristics of the Indian Desert 
West Rajasthan, the major portion of Indian Desert, lias a tropical 
arid climate (Bwh) and semi-arid, hot (Bsh)' type. This vast tract of the 
Indian arid zone is characterised by scanty and highly variable 
precipitation, extreme variation of diurual and annual temperature, low 
relative humidity, high wind velocity and high evaporation rate. 
The year may be divided into four seasons. The winter season from 
November to March is followed by hot dry summer season from April to 
June. The period from July to middle of September constitute the south 
west monsoon season and the period from the latter half of September to 
October from the post monsoon transitional period. 
The period from November to March is generally very unpleasant 
due to biting cold over the entire state when a series of severe cold waves 
associated with western disturbances affect the entire region. The summer 
month from April to June are very hot, dry and uncomfortable. Weather 
lend to be oppressive during July due to high humidity and temperature. 
After the break of the monsoon the weather becomes slightly comfortable 
due to reduced day temperatures, although humidity continues to be high 
makes conditions sultry. 
The seasonal variation of atmospheric pressure over the state takes 
place in a systematic manner with a maximum in the winter (January) and 
a minimum in the monsoon season in July.-^  The pressure gradient over the 
state generally remains weak except during the late summer and monsoon 
season. During winter, the higher pressure is to the north. In April, the 
pressure decreases from west to east Rajasthan. Accordingly the winds are 
light and mainly from north west to north over northern part of the land 
north to north east over southern parts. In January, winds turn gradually 
anticlock wise and are replaced by light north westerly to westerly winds 
in April. With the advance of the summer the pressrue gradient increases. 
1. Based on Koppen's classification of climate. 
2. Krishnan, A. 'AClimatic Analysis ofthe Arid Zone of North-Western India, Desertification 
and its Control (ed.), Jaisalwal, P.L. I.C.A.R., New Delhi, 1977, p. 45. 
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correspondingly the winds from soutin to south west also strengthen 
reaching their maximum velocity in July. October is the month of 
transition with weakest pressure gradient. From October onwards, the 
change over the pressure and wind pattern commences. 
The average annual rainfall in western Rajasthan is 314.4 mm while 
eastern Rajasthan receives more than twice as much 704.2 mm of this 
mean annual rainfall about 90 per cent comes during the southwest 
monsoon season, and about 5 per cent during the cold weather period in 
association with western disturbances.^ 
The hot weather season starts from March to June with temperature 
varying from 40° C to 42° C. The diurnal range of temperature is large. 
May is generally the hottest month as compare to June (Fig. 7). 
Monsoon effect and the consequent humidity buildup in the records. 
Half of June lowering the average June temperatures otherwise early June 
experiences the highest temperature of the year. 
The mean monthly maximum temperature in May varies from 40°C 
to 44°C over most parts of western Rajasthan while the mean minimum 
temperatures as recorded 24°C to 26°C. The annual range of temperatures 
is between 14°C to 17°C. The temperatures attain highest level due to 
intense heat radiation from the earth which lower down the temperature 
rapidly during the night. Due to strong heat waves many places have 
recorded maximum temperature like Ganganagar 50°C and Pachpadra 
51°C. The dust storm is the peculier feature during the month of May and 
June. 
The mean maximum temperature of July record 38°C in Ganganagar, 
Churu, Bikaner and Jaisalmer and 35°C have been recorded in Jhunjhunu, 
Sikar, Nagaur, Jodhpur, Barmer and Jalore whereas, Pali has recorded 
slightly lower than the above mentioned temperatures. 
3. Krishnan, A. and Shankaranarayana, K.A. Criteria for the delimitation of the arid 
zone of Rajasthan, Proc. Symp. on Problems of hidian Arid Zone, Jodhpur, 1964, 
pp. 380-387. 
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The lowest mean annual rainfall, June to September of 100 mm 
occurs in the area covering western parts of Jaisalmer district while the 
other parts of western Rajasthan recieve rainfall varying from 100 mm to 
450 mm (Fig. 10). The north eastern portion of Jhunjhunu, northern 
portion of Sikar and south-eastern part of Nagaur, interior parts of Jalore 
and Pali district receive high rainfall as compared to the western parts of 
the region. 
Season of general rains 
In this arid tract of Rajasthan rains come in the third or the fourth 
week of June and a marked lowering of temperature sometimes it is also 
delayed until July or even August on the average west Rajasthan receives 
about 300 mm of rains in the year of which 90 per cent falls during the 
monsoon season. The number of effective rainy days in the year is less 
than 5 at some stations in Jaisalmer district increasing to 25 towards the 
Aravalli hills and to over 45 in the east of Rajasthan.'' 
The movement of monsoon coming across the Indian ocean is 
divided into two branches namely Bay of Bengal and the Arabian sea 
branch. The Indian desert region due to its location experiences both the 
monsoon currents, though their effect is feeble. 
Inspite of these monsoon currents towards the Indian desert region, 
there is considerable decrease in rainfall. This is mainly due to the fact 
that air current from the south east enters the west Rajasthan after having 
already given up their moisture on their passage up the Ganga plains. The 
currents coming from south west after crossing warm sea, come over an 
intensely heated Kathiawar peninsula and thus relative humidity decreases 
from 90 per cent to 50 per cent, ordinarily even this percentage of relative 
humidity would cause rainfall if the air current rises to about 920 metres 
but due to the existence of an upper current of hot dry air from further 
west most of the moisture is evaporated by the dry westerly winds and 
4. .lagannathan, P. and Raghavendra, V.K. Wet spell in Rajasthan, Proceedings of A! 
India symposium on Problem of Indian Arid Zone, Jodhpur, 1964, p. 363. 
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skies become cloudless. Ultimately "the clear cloudless skies and the 
scorching rays of vertical sun on sandy desert conspire to maintain that 
dryness of the air which makes rainfall almost an impossibility.^ 
i) Distribution and Variability of Rainfall 
Climatic conditions, particularly the amount of rainfall and its 
variability are very crucial features to ascertain the desertification 
vulnerability of the semi-arid and arid lands. 
The distribution of mean annual rainfall decreases from east to west 
while the co-efficient of variation increases westwards (Fig. 11 & 13). It 
means that not only the amount of soil moisture decreases westwards the 
paucity of water gets compounded by increased uncertainity. 
Eighty one unit areas have been taken to assess the rainfall condition 
in the region. The lowest mean annual rainfall of 100 m.m. or even lesser 
occurs in the extreme western area, covering parts of Jaisalmer district. 
Buili in .Jaisalmer recorded an average 89 m.m. rainfall which is lowest in 
the region. The rest of the areas in this tract receive an average rainfall 
ranging from 100 m.m. to 500 m.m. The north eastern portion of 
.Ihunjhunu, South eastern parts of Nagaur, Sikar and the interior hilly parts 
of Jalore and Pali districts in the Aravallis receive higher rainfall (Fig. 11). 
There are five tehsils of western Rajasthan such as Khetri, 
Udaipurwati, Bali, Desuri and Neem Ka Thana which experience very 
high amount of rainfall. They cover an area of 7263.26 square kilometre 
which represents only 3.49 per cent of total Geographical area. However, 
this meagre area supports 8.62 per cent of total population of Western 
Rajasthan. There are eleven more tehsils of the region which come under 
the category of high rainfall i.e. Bhinmal, Bilara, Chirawa, Didwana, 
Raipur, Sojat, Pali, Marwar Junction, Sikar, Danta Ramgarh and Sri 
Madhopur covering an area of 19345.01 square kilometre which represents 
9.30 per cent of total area and support 17.84 per cent of the total 
5. ChoLihan, T.S. Integrated Area Development of Indian Desert, Geo-Environ 
Academia, Jodhpur, 1988,p. 41. 
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population of the region. This area comes under the high rainfall category. 
Twenty four tehsils of western Rajasthan lie under medium rainfall 
category. Moderate rainfall receiving areas cover an area of 47,555.94 
square kilometre which represent 22.87 per cent of total Geographical area 
and support 33.98 per cent of total population of western Rajasthan. These 
tehsils are Siwana, Rajgarh, Churu, Ratangarh, Sujangarh, Bhadra, Ahore, 
Jalore, Sanchor, Raniwara, Bhopalgarh, Jodhpur, Jhunjhunu, Nawalgarh, 
Nagaur, Merta, Jayal, Ladnun, Nawa, Parvatsar, Degana, Jaitaran, 
Fatehpur and Lachchmangarh. 
Twenty seven tehsils come under the category of low rainfall areas 
covering 90,480.49 square kilometre. They represent 43.51 per cent of 
total Geographical area and support 34.42 per cent of total population of 
western Rajasthan. These unit areas comprise Shiv Baytu, Pachpadra, 
Barmer, Chohtan, Gudhamalani, Lunkaransar, Taranagar, Sri Dungargarh, 
Ganganagar, Karanpur, Sadulshahar, Padampur, Suratgarh, Sangaria, 
Hanumangarh, Pilibanga, Rawatsar, Tibi, Nohar, Phalodi, Shergarh and 
Osian. The other fourteen tehsils of western Rajasthan fall under very low 
rainfall category. These fourteen tehsils occupy an area of 43,272.44 
square kilometre which represent 20.81 per cent of total geographical area. 
However, they support only 5.11 per cent of total population of western 
Rajasthan. This unevenness is largely due to fragility of the ecosystem 
(Table-2). 
Rainfall Characteristics 
Rainfall of this arid tract is highly uncertain and erratic in nature. 
Monsoon rains are associated with the rare depressions in the plains in the 
north and also with the easterly winds. Part of its occurs due to local 
thunderstorms (Appendix-I). 
These thunderstorms are more frequent in the eastern and central 
semi-arid parts than in the western arid areas. They occur during May to 
September, particularly in June and July. July and August receive most of 
the rainfall. The percentage contribution of south-west monsoon to the 
annual rainfall of Barmer, Jaisalmer, Ganganagar, Jodhpur and Churu is 80 
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Table-2 : Mean Annual Rainfall and Co-efficient of Variation (1901-1980) 
Districts/Tehsils 
Banner 
Shiv 
Ba>tii 
Pachpadra 
Banner 
Chohtan 
Gudhamalani 
Siwana 
Bikaner 
Lunkaransar 
Bikaner 
Kolayat 
Nokha 
Cliuru 
Sardarshaliar 
Taranagar 
Rajgarh 
Churu 
SriDungargarh 
Ratangarh 
Sujangarh 
Ganganagar 
Ganganagar 
Karanpur 
Sadulshahai 
Padampur 
Raisinghnagar 
Aiiupgarh 
Gliaisana 
Vijai Nagar 
Siiiatgarh 
Hanumangarli 
Sangaria 
Hanumangarh 
Pilibanga 
Rawatsar 
Tibi 
Nohar 
Bhadra 
Jaisalmer 
Buili 
Devikot 
Dewa 
falehgarh 
Jaisalmer 
Khaba 
Mean Annual 
Rainfall 
(in mm) 
261.4 
207 4 
260 0 
257 3 
267 7 
228 0 
265 7 
343 7 
261.7 
237 1 
293 7 
246 0 
270 3 
361.6 
290 6 
299 4 
349 2 
366 3 
259 6 
360 8 
374 4 
239.3 
261 6 
240 0 
243 5 
202 4 
195 1 
194 3 
181 4 
194 2 
207 9 
277.3 
272 0 
265 6 
237 0 
281 3 
232 5 
296 7 
357 0 
148.2 
89 0 
151 8 
121 3 
173 2 
185 0 
155 3 
Co-efficient 
of variation 
(in %) 
60 
67 
60 
61 
58 
62 
57 
58 
54 
49 
55 
59 
53 
69 
49 
59 
44 
40 
48 
41 
49 
52 
46 
47 
47 
54 
56 
57 
58 
56 
52 
47 
48 
49 
51 
47 
49 
44 
43 
69 
80 
73 
76 
61 
64 
71 
Potential 
Evapo-
Transpiration 
(in mm) 
1857 
1945 
1910 
1890 
1857 
1780 
1790 
1827 
1790 
1810 
1790 
1795 
1750 
1570 
1610 
1590 
1565 
1570 
1610 
1540 
1505 
1565 
1540 
1530 
1560 
1535 
1590 
1570 
1610 
1570 
1542 
1555 
1565 
1578 
1580 
1560 
1540 
1565 
1490 
2085 
2300 
2120 
2110 
1970 
2065 
2025 
Index of 
of 
Aridity 
(in %) 
85.92 
89 33 
86 38 
86 38 
85 58 
87 19 
85 15 
81 18 
85.41 
86 90 
83 59 
86 62 
84 55 
76.96 
81 95 
81 16 
77 69 
76 66 
83 87 
76 57 
75 12 
84.70 
83 01 
84 21 
84 39 
86 81 
87 72 
87 62 
88 73 
87 63 
86 51 
82.16 
82 61 
83 16 
85 00 
81 96 
84 90 
81 04 
76 04 
92.89 
96 13 
92 87 
94 25 
91 20 
91 04 
92 33 
Contd 
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Districts/Tehsils 
Ldthi 
Naukh 
Pokaran 
Ramgarh 
Jalore 
Ahore 
Jaloie 
Bhinmal 
Sanchor 
F-laniwaia 
Jodhpur 
Phalodi 
Shergarh 
Osian 
Bhopalgarh 
Jodhpur 
Bilara 
Jhunjhuiiu 
Jhun]hunu 
Chirawa 
Khetri 
Nawdlgdih 
Udaipurvvati 
Nagaur 
Nagaur 
Merta 
Ja}al 
Ladnun 
Didwana 
Nawa 
Pai vatsai 
Degana 
Pall 
Jaitaran 
Raipur 
Sojat 
Pall 
Marwar Junction 
Ball 
Desuri 
Sikar 
Fatehpur 
Lachchmangarh 
Sikar 
Danta Ramgarh 
Sri Madhopur 
Neem Ka Thana 
Mean Annual 
Rainfall 
(in mm) 
144 5 
184 2 
147 5 
130 5 
361.3 
302 6 
369 1 
413 1 
382 3 
339 4 
315.1 
263 0 
252 3 
270 2 
330 4 
351 4 
423 6 
469.9 
404 4 
408 6 
547 6 
401 0 
588 0 
364.2 
3153 
406 7 
330 0 
342 7 
359 6 
468 4 
389 0 
302 0 
476.3 
368 7 
437 3 
454 3 
4195 
483 1 
552 4 
619 1 
441.1 
347 5 
386 0 
429 9 
454 0 
501 5 
52S2 
Co-efficicnt 
ofvai iat ion 
(in %) 
61 
64 
61 
76 
54 
54 
51 
51 
61 
56 
52 
53 
51 
52 
51 
53 
53 
36 
37 
46 
32 
37 
30 
48 
53 
46 
52 
51 
43 
45 
45 
47 
47 
47 
53 
55 
45 
42 
44 
45 
39 
42 
41 
40 
39 
36 
34 
Potential 
Evapo-
Transpiration 
(in mm) 
2100 
2070 
2025 
2055 
1565 
1590 
1558 
1520 
1605 
1555 
1852 
1895 
1920 
1945 
1835 
1810 
1712 
1670 
1690 
1705 
1650 
1715 
1585 
1635 
1680 
1590 
1665 
1650 
1658 
1520 
1610 
1707 
1625 
1710 
1650 
1665 
1680 
1610 
1550 
1510 
1510 
1570 
1610 
1535 
1495 
1495 
\490 
Index of 
of 
Aridity 
(in %) 
93 11 
91 10 
92 71 
93 64 
76.91 
80 96 
76 30 
72 82 
76 18 
78 17 
82.98 
86 12 
86 85 
86 10 
81 99 
80 58 
75 29 
71.86 
76 07 
76 03 
66 81 
76 61 
62 90 
77.72 
81 23 
74 42 
80 18 
79 23 
78 31 
69 18 
75 83 
82 30 
70.68 
78 43 
73 49 
72 71 
75 02 
69 99 
64 36 
69 00 
70.78 
70 86 
76 02 
71 99 
69 63 
66 45 
64 55 
Source : India Meteorological Department Pune 
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to 90 per cent. The aridity index defined as the ratio of the annual 
moisture deficiency to annual water need exceed 80 per cent in Bikaner, 
Ganganagar, Jaisalmer and Barmer districts and slightly lower in other 
parts of the western Rajasthan. 
Cold Weather Season 
The cold weather season has been further divided into two sub-
division (a) The season of retreating monsoon (October to December) and 
(b) The cold weather season (January and February). 
(a) In the season of retreating monsoon (October to December), the 
weather is more in transition. There is a slight increase in temperature for 
sometimes and then there is gradual decrease to the winter minimum. In 
the months of October and November in the arid regions, which has less 
than 250 mm. of rainfall, weather conditions are fairly pleasant. 
The temperatures in October over the entire tract are fairly uniform 
varying from 35°C to 38"C. The diurnal range of temperature during this 
season is considerably high varying from 17° C to 20° C. During these 
months due to the withdrawl of the monsoon the winds settle down and 
are very light and highly variable and relative humidity is quite low. 
(b) The cold weather season (January to February) : During the 
second half of the winter the weather conditions are more stable, wind 
velocity is high, temperature are much lower and even frost occurrence is 
noticeable. During the winter clear skies, fine weather, low humidity and 
large diurnal range of temperature are the cognisable features of the 
weather. These features change only when western disturbances pass over 
the region and cloudy conditions coupled with rains may occur. Indian 
arid zone receives only 3 to 6 per cent of rainfal during the winter 
season.^ 
The mean daily maximurn temperature in January varies from 20°C 
at Ganganagar to 22°C at Bikaner, 25°C at Jaisalmer and 26°C at Jodhpur 
6. Krishnan, A. A Climatic Analysis of (he Arid Zone of North Western India, 
Desertification and its control (ed) Jaisawal, P.L. I.C.A.R., New Delhi, 1977, p. 45. 
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and Banner. The mean minimum temperature at these places are 3°C, 8"C, 
9''C and 11°C respectively (Fig. 8). Some western disturbances bring in 
their wake the cold waves, so that frost conditions frequently occur in the 
northern portion of the Indian arid zone. Frost is frequent in the month of 
December to January roughly one frost year in three years. In the severest 
winter forty consecutive days of frost have occured.^ 
The lowest maximum temperature ever recorded have been -2.2°C at 
Ganganagar and Jodhpur -4.4°C at Jaisalmer and Pachpadra -1.6°C at 
Barmer and Sikar and -1.1°C at Bikaner. All these temperatures were 
recorded in the month of January 1967. 
As a result, the January mean monthly range of temperature at 
different stations in between 15°C to 18°C and the mean diurnal range of 
temperature is largely due to low relative humidity which is generally 50 
to 60 per cent in the morning and 25 to 30 per cent in the afternoon. 
Rainfall Variability 
Co-efficient of variation of amount of rainfall is comparatively lesser 
in eastern districts of the Indian desert, where rainfall is higher (Fig. 13). 
There are eighty one data base unit areas in western Rajasthan which 
reveals the co-efficient of rainfall in the study region. There are five unit 
areas of very high rainfall variability in district Jaisalmer i.e. Buili, 
Devikot, Dewa, Khaba and Ramgarh. They cover an area of 23,797.98 
square kilometre which represent 11.44 per cent of western Rajasthan and 
support only 0.55 per cent of population of the study area. Beside this the 
areas of high rainfall variability are Jaisalmer, Fatehgarh, Lathi, Naukh, 
Pokaran, Shiv, Pachpadra, Chohtan and Sanchor. They cover an area of 
32,349.83 square kilometre i.e. 15.55 per cent of total geographical area 
of western Rajasthan. These unit areas support 7.34 per cent of total 
population of western Rajasthan. Medium co-efficient of variation of rains 
is recorded in thirty unit areas. They cover an area of 86,579.90 square 
kilometre which occupies 41.64 per cent of total geographical area of 
7. Ibid. p. 45 
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study region, it supports 37.09 per cent of the population of western 
Rajasthan. These are Baytu, Banner, Gudhamalani, Siwana, Bikaner, 
Kolayat, Nokha, Taranagar, Padampur, Raisingh Nagar, Anupgarh, 
Gharsana, Vijai Nagar, Suratgarh, Pilibanga, Ahorc, Jalorc, Bhinmal, 
Raniwara, Phalodi, Shergarh, Osian, Bhopalgarh, Jodhpur, Bilara, Nagaur, 
Jayal, Ladnun, Raipur and Sojat. The low rainfall variability is 
experienced in twenty eight tehsils of western Rajasthan. They cover an 
area of 53443.92 square kilometre i.e. 25.70 per cent of western 
Rajasthan. It supports 37.09 per cent of total population of western 
Rajasthan. These are Lunkaransar, Sardarshahar, Rajgarh, SriDungargarh, 
Ratangarh, Sujangarh, Ganganagar, Karanpur, Sadulshahar, Sangaria, 
Hanumangarh, Rawatsar, Tibi, Nohar, Bhadra, Chirawa, Merta, Didwana, 
Nawa, Parvatsar, Degana, Pali, Jaitaran, Marwar Junction, Bali, Desuri, 
Lachchmangarh and Fatehpur. 
Nine tehsils of study area lie under the category of very low co-
efficient of variation in rainfall. These cover an area of 11745.01 square 
kilometre which represents 5.64 per cent of total geographical area of 
western Rajasthan. This area understandably supports 17.06 per cent of 
total population of the study area. These tehsils are Churu, Jhunjhunu, 
Khetri, Nawalgarh, Udaipurwati, Sikar, Danta Ramgarh, Sri Madhopur 
and Neem Ka Thana. 
Aridity Indices 
The aridity index defined as the ratio of the annual moisture 
dcficieny to annual water need is expressed in percentage. PET is a 
theoretical water need where P is the water availability and PET-P 
(Potential Evapo-transpiration-Precipitation) is equal to mean water 
deficiency (WD). Eighty one unit areas of western Rajasthan have been 
analysed to show the severity of fragile ecosystem. Twelve unit areas of 
Western Rajasthan recorded very high percentage of aridity. These are 
Shiv, Gharsana, Buili, Devikot, Dewa, Fatehgarh, Jaisalmer, Khaba, Lathi, 
Naukh, Pokharan and Ramgarh, covering an area of 46,603.21 sq. 
kilometre which represent 22.41 per cent of total geographical area of 
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western Rajasthan which supports only 3.61 per cent of total population 
of the area (Table-2). 
Another twenty nine tehsils of western Rajasthan come under the 
category of high aridity. They cover an area of 87,249 square kilometre 
which is 41.95 per cent of total reported area of western Rajasthan and 
consist 36.67 per cent of total population of the study area. These tehsils 
are Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, Lunkaransar, 
Bikaner, Kolayat, Nokha, Sardarshahar, Sri Dungargarh, Ganganagar, 
Karanpur, Sadulshahar, Padampur, Raisingh Nagar, Anupgarh, Vijai 
Nagar, Suratgarh, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Phalodi, Shergarh, Osian, Bhopalgarh and Degana. 
Another twenty six study units lie under the category of medium 
index of aridity. These are Siwana, Taranagar, Rajgarh, Churu, Ratangarh, 
Sanchor, Raniwara, Jodhpur, Bilara, Jhunjhunu, Chirawa, Nawalgarh, 
Nagaur, Merta Jayal, Ladnun, Didwana, Parvatsar, Jaitaran, Pali and 
Lachchmangarh. These tehsils cover an area of 25.27 per cent of total area 
of western Rajasthan and supports 37.59 per cent of total population of 
the study area. There are only ten tehsils of western Rajasthan under low 
aridity and cover an area of 15,748.90 square kilometre which represent 
7.57 per cent of the total area. They comprise 15.92 per cent of total 
population. These are Bhinmal, Khetri, Nawa, Raipur, Sojat, Marwar 
Junction, Fatehpur, Sikar, Danta Ramgarh and Sri Madhopur. The 
remaining four tehsils of the study area are fall under the category of very 
low aridity. These are Udaipurwati, Bali, Desuri and Neem Ka Thana. 
These encompass 5793.06 square kilometre of area which is 2.78 per cent 
of total reported area and sustain 6.18 per cent of total population of the 
western Rajasthan (Fig. 14). 
ii) Thermal Regime 
Because of its tropical, continental location the Indian arid zone is 
characterised by highest annual range of temperature which is around 
]8°C to 20°C. The heat of the summer is intense and scorching. 
Temperatures starts rising from March onwards while May and June are 
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the hottest months with the average maximum temperature varying from 
40°C to 42°C and minimum temperatures between 24°C and 29°C. 
Occasional temperatures have been recorded around 50°C at various 
meteorological stations like Ganganagar and Churu recorded temperatures 
as high as 50°C while some other stations recorded just a couple of 
degrees below this value (Fig. 9). Sometimes, in association with western 
disturbances during December to March, many places in west Rajasthan 
experience temperature below freezing point resulting into frost 
conditions in various parts of the region. The diurnal range of temperature 
from the early morning cold to the afternoon heat in on an average about 
15°C-18°C. Cold season covers December to February. January being the 
coldest month, varying between 20°C and 25°C over the arid tract (Fig. 
8). The lowest minimum temperature recorded over the great Indian desert 
during winter was at Jaisalmer (-5.7°C) in .January 1967 while the values 
recorded at other stations ranges between -1.7°C and 3.3°C.^ With the 
arrival of monsoon around 1st of July the maximum day temperature 
decreases sharply and remain between 35°C and 38°C during July, August 
and September. The night temperature begins to decrease as winter sets in. 
The characteristics of seasonal variation of the mean monthly maximum 
and mean monthly minimum is given in the Appendix-II. 
iii) Relative Humidity 
The mean monthly realtive humidity at 0830 and 1730 hrs I.ST at 
various districts of western Rajasthan is given in the (Appendix). The 
relative humidity is obviously high during the Monsoon season from June 
to September. In April, however, the relative humidity is the lowest. In 
July and August it is recorded higher ranging from an average 75 to 80 
per cent. During winter in the months of December to Februrary it is 
generally moderate from 50 to 60 per cent in the morning and 25 to 35 
per cent in the afternoon hours. 
8. Chauhan, T.S. Integrated Area Development of Indian Desert, Geo-Environ 
Academia and Divyajyoti Prakashan, Jodhpur, 1988, p. 47. 
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During the hot dry summer months the humidity is generally low 
ranging from 35 to 57 per cent in the morning and 10 to 30 per cent in the 
afternoon hours excluding the later part of June. Data shows that except 
during the short south-west monsoon season the relative humidity is 
generally very low, because of low relative humidity the evapo-
transpiration demand is high in the desert (Appendix-Ill). 
iv) Wind Velocity 
The wind speed in the Indian desert is generally recorded as very 
high at almost all the stations during the hot dry summer and the moist 
monsoon seasons. These conditions also lead to very high evaporation, 
rendering the soil parched dry and vulnerable to wind erosion. Movement 
and deposition of sand is most important reason for degradation. Out of 
175 million ha area estimated to be degraded in the country, 60 million 
hactares is reported to be due to wind erosion alone.^ 
Wind erosion is doubly harmful as both areas, from where the soil is 
removed and where it is deposited, loose their productivity. Moreover, 
sand transported and deposited by aeolian process do not remain 
stationary but move further along the wind direction causing damages to 
crop, trees, fences, building, highways etc. Degradation of land through 
wind erosion is a major threat to agriculture and allied activities.'° The 
initiation of soil movement thus depends upon the force of turbulent wind, 
the surface roughness and the size of soil grains. The quantity moved is 
influenced by particle size, gradation of particles, wind velocity and the 
distance across the eroded area." Wind erosion is the major component of 
desertification process in the arid region of western Rajasthan affecting 
9. Yadav, J.S.P. Degradation and Crop Production Problems of Soil and Water 
Resources in India, J. hidian Soc. Soil. Sci. Vol. 36, 1986, pp. 660-672. 
10. Gupta, J.P.; Sharma, B.M. and Raina, P. Wind Erosion and its Control in Indian 
Arid Ecosystem, Desertification Control in the Arid Ecosystem of India for 
Sustainable Development. (Eds.) Surendra Singh & Amalkar, Agro-Botanical 
Publisher (India) Bikaner 1997, p. 138. 
11. Ibid. p. 138. 
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68.3 per cent of the area.'^ Wind erosion manifestation depends not only 
on the soil type, texture and moisture content, but also on the presence of 
vegetation cover, soil structure and the character of land use as well as on 
the location and topography of the field. 
In western Rajasthan, the highest wind speeds are recorded in the 
Jaisalmer district. But the decrease is sharper towards the northern side as 
compared to the southern side. Jodhpur, Barmer and Jhunjhunu also comes 
in high category of wind velocity. Whereas Bikaner and Ganganagar 
district of the study area recorded comparatively low wind velocity. The 
lowest wind speeds are recorded during the post monsoon season. The 
winds in the Indian desert are fairly strong. The winds are strongest in 
June and lightest in November, During the cold season, the winds are 
generally light and variable but north-westerly and northerly winds are 
more frequent. The winds from April onwards and are strongest during the 
month of June and July. In hot weather season and during monsoon, winds 
are generally between south-westerlies or west south westerlies. 
Interestingly, a strong wind regime belt prevails in summer across 
Jaisalmer-Phalodi-Jaipur tract, and winds both north and south of this 
region are comparatively less.'^ In western Rajasthan mean daily wind 
speed of more than 20 to 30 kmph are recorded during April to June. 
During dust storm activity in these months wind speeds offen reach 60 to 
110 kmph.'" 
The districtwise condition of wind velocity in different month reveals 
that the maximum wind speed have been recorded during the period of 
April to October with a pronounced maximum corresponding to June. The 
wind speeds are higher over the region of Jaisalmer and Jodhpur during 
June and July. During May to September, wind directions are extremely 
steady in the desert region and are mainly south-westerly, whereas during 
12. Ramkrishna, Y.S. Climatic Features of the Indian Arid Zone, Desertification Cntrol 
in the Arid Ecosystem of India for Sustainable Development Eds. Surendra Singh & 
Amal Kar. Agro Botanical Publisher, Bikaner 1997, p. 33. 
13. Ibid. p. 33 . 
14 . Ib id . p. 33 . 
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the remaining part they are variable. The north-easterly winds in winter 
are steady only in South-west desert region. The winds on the whole have 
a desiccating effect except in July and August when they are charged with 
moisture.'^ The district wise condition of wind velocity in different month 
is given in Appendix-IV. 
v) Evaporation Conditions 
Evaporation losses from the soils constitute a major problem in the 
Indian desert. High evaporation rates render the land vulnerable to 
desertification. Evaporation closely follows the month of March, When 
the winds are slight in nature and temperatures are low. Evaporation seems 
also low. As temperature rises and wind velocity increases, evaporation 
also increases. The higher evaporation has been recorded during the 
month of April and May. With the advent of the moisture laden monsoon 
winds and sporadic precipitation, there is a marked fall in evaporation 
rates. Appendix-VII shows that evaporation during May and June is 
highest and lowest during December and January. Due to this high 
evaporation from the surface water and later from the soil the possibilities 
of successful farming are highly limited. 
vi) Drought Patterns and Flash Floods 
Meteorologically drought over an area may be defined, as a situation 
when annual rainfall is less than 75 per cent of the normal. It is further 
classified as moderate drought if rainfall deficit is between 25 and 50 per 
cent and 'severe drought' when it is more than 50 per cent deficit. 
Areas where frequency of drought, as defined above, is 20 per cent 
of the years are classified as drought prone areas. The areas experiencing 
drought conditions for more than 40 per cent of the years represents 
chronically drought affected areas. The severity of drought not only 
depends upon the amount of rainfall deficiency in a single year, but also 
upon continued occurrence of deficient rain in successive years, even 
IS.Chauhan, T.S. Integrated Area Development of Indian Desert, Geo-Environ. 
Academia, Jodhpur, 1988, p. 55. 
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though the deficiency in each such successive year may not be as high as 
in a single year. 
When rainfall is sufficient in excess of the normal it is a predominant 
factor for the occurrence of floods, particularly in higher rainfall regions. 
Even with a co-efficient variation of rainfall of 20 per cent these regions 
are prone to frequent floods. When the annual rainfall of 125 per cent or 
more of the normal is considered as excessive rain. 
Rainfall in western Rajasthan is very erratic in nature. Rainfall 
deficiency and surplus upto 50 per cent of normal is graded as moderate 
which has occurred several times. Western Rajasthan has experienced 18 
moderate and 10 severe types of droughts during the period of 1871 to 
1981 and in the case of excessive rainfall 16 moderate floods and 8 severe 
floods have been recorded during hundred years of time (Appendix-VI). "^  
It is seen that the frequency of drought years increases from less than 10 
per cent in Jhunjhunu district and parts of Pali, Sikar, Churu and 
Ganganagar district to more than 20 per cent in Jaisalmer and western 
parts of Bikaner, Jodhpur, Barmer and Jalore districts. In the extreme arid 
zone, both the flood and drought year frequencies are high. Sikar, 
Jhunjhunu and eastern Churu gets less of both the type of extreme years.''' 
An incidence of severe flash floods was noted during the monsoon of 
1996 in parts of Jaisalmer and Jodhpur districts. This had a considerable 
influence of land degradation particularly in areas of Jaisalmer district 
rendering the land severally vulnerable to desertification. 
16. Ramchandra, K. and Ramana Rao. B.V. Rainfall Abnormality in India, 
Geographical Review of India, Calcutta, Vol. 54, No. 2, p. 26, 1992. 
17. Krishnan, A. and Thanvi, J.R Quantification of rainfall in Different Regions of Western 
Rajasthan, Annals of Arid Zone CAZRI, Jodhpur, 16(2) 94, 1977, pp. 185-194. 
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A. Natural Resources 
i) Grasslands, Scrubs and Forests 
The arid region coincides with the areas mostly receiving less than 
350 m.m. of annual rainfall. The sandy and hot desert conditions prevail 
almost throughout the region.' Forest cover shows a decrease with the 
areas of lower and erratic rainfall. In the Indian Arid ecosystem pasture 
grasses are predominantly found in the state of Rajasthan where vast 
stretches of natural grass lands dominated by Cenchrus ciliaris, cenchrus 
stigerus, Lasiurum Sindicus, Dichanthim annulatum, sehima nervosum, 
chrysopgon fulvus and heteropogou contortus occur on sandy, sandy loam, 
clay, silty or stony soils. 
The pasture grasses are cheaper but less nutritive source of fodder for 
livestock of the arid region. About 62 percent of the desert area is 
available for grazing of cattle. The grasses assume importance not only as 
livestock feed, but also as soil builder and binder and therefore, a 
necessity for soil conservation.^ 
One of the main causes of desertification in arid ecosystem of 
Rajasthan is the over-use of grasslands by nomadic population. In the 
Indian desert it has been noted that forests and Grass lands cover shows a 
decrease with the areas of higher rainfall variability. Grasses are naturally 
adopted to soil and climatic conditions of arid ecosystem. Grasses provide 
permanent cover to the land surface and thereby result in a substantial 
reduction in the wind erosion hazard. Equally important is their role in 
providing a permanent source of forage which is always in short supply in 
the scarcity region. However, due to low carrying capacity and increased 
pressure of livestock on existing grasslands, these lands have reached the 
Sen, A.K. Land use pattern and over exploitation in Indian arid zone, Agro-
Forestry in Arid and Semi-arid zones CAZRI, Published by I.C.A.R., New Delhi 
1984, p.81. 
Yadav, M.S. Improvement of Grasses for Desertification Control, Desertification 
Control in the Arid Ecosystem of India for sustainable Development (eds.) 
Surendra, Singh and Amal Kar, Agro-Botanical Publisher, Bikaner 1997 p.254. 
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last stage of degradation. The productivity of the grasslands has, however, 
been depleting due to heavy pressure of animals, frequent droughts and 
desertification. The population of livestock on the other hand, in the arid 
region of Rajasthan has increased 13.72 million in 1961 to 23.18 million 
in 1992. However, during the period of 1987-88 due to the severe drought, 
fodder, shortage and high rate of mortality, the livestock population 
declined to 17.77 million. On the other hand, the extent of grasslands has 
decreased from 11.89 million hactares in 1961 to 10.20 million hactares 
in 1983 and 7.83 million hactares in 1989.^ These are clear indications of 
increased pressure on grazing lands and reduction in the area of marginal 
lands. The life forms in western Rajasthan are a xerophytic scrub flora 
which is seen in discontinuous patches of plant communities consisting of 
an open assemblage of ephemerals, grasses, perennial herbs, undershrubs, 
shrubs and dwarf trees and sometimes badly mutilated trees. 
The vegetation differs in the sequence of species as one passes form 
the extremely arid region (100-200 m.m.) of rainfall of the western part of 
-laisalmer district to the eastern part of Rajasthan (500-700 m.m.)'* and 
beyond, within the broadly same environmental set up there are sharp 
changes in topographical features which mark a district delimitation of 
plant communities.^ The gradual east to west decrease of rainfall is 
reflected in the poor representation of natural flora. The comparatively 
thick cover of the eastern part becomes scarce in the west. 
The data of seventy three units of Western Rajasthan have been 
analysed (Table-3). 
There are only one tehsil of Indian desert reported very high 
percentage of forest cover while another two tehsils of the study area 
Singh, K.C. and Sharma, S.K. Management of degraded Grasslands in the Indian 
and Ecosystem, Desertification Control in the Arid Ecosystem of India for 
sustainable Development. Eds. Surendra Singh and Amal Kar Agro-Botanical 
Publisher. Bikaner. 1997. P. 243. 
Mulay, B.N. A study in the problem of Rajasthan Desert, Proceeding of the 
Symposium on problem of Indian Arid zone Jodhpur 1964, p.43. 
Saxena, S.K. Vegetation and its succession in the Indian Desert, Desertification 
and its Control, Ed. Jaisalwal, P.L. I.C.A.R., New Delhi, 1977 p.176. 
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Table - 3 : Forest Cover in Western Rajasthan (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Very low 
No. of 
Tchsils 
01 
02 
06 
09 
55 
73 
Area in 
Sq. Km. 
1,378.07 
2,286.55 
10,122.24 
19,952.67 
1,75,011.47 
208,751 
Percentage 
of the total 
area 
0.66 
1.09 
4.84 
9.55 
83.83 
100.0 
Unit Areas 
Neem ka Thana 
Udaipurwati, Bali 
Anupgarh, Khetri, Desuri, 
Lachmangarh, Sikar, Nawalgarh 
Bikaner, Ganganagar, Karanpur, 
Sadulshahar, Gharsana, 
Suratgarh, Raipur, Marwar 
Junction and Sri Madhopur 
Shiv, Baytu, Pachpadra, Banner, 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Kolayat, Nokha, 
Sardarshahar, Tara Nagar, 
Rajgarh, Churu, Sri-Dungargarh, 
Ratangarh, Sujangarh, 
Padampur, Rai Singh Nagar, 
Vijai Nagar, Sangaria, 
Hanumangarh, Pilibanga, 
Rawatsar, Tibi, Nohar, Bhadra, 
Jaisalmer, Pokaran, Ahore, 
Jalore, Bhinnaal, Sanchor, 
Raniwara, Phalodi, Shergarh, 
Osian, Bhopalgarh, Jodhpur, 
Bilara, Jhunjhunu, Chirawa, 
Nagaur, Merta, Ladnun, 
Didwana, Nawa, Parvatsar, 
Degana, Jayal, Jaitaran, Sojat, 
Pali and Danta Ramgarh. 
Source : Districts Handbooks, Department of Economics and Statistics, Jaipur, Government 
of Rajasthan. 
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comes in high category of forest cover. These high to very high percentage 
of forest cover shows good meteorological set up in the study area and 
these unit areas are less vulnerable to desertification hazards. Six another 
tehsils of Western Rajasthan lie under moderate risk to vulnerability to 
desertification hazards. 
There are nine tehsils in the study area reported low percentage of 
forest cover. Whereas the remaining fifty five unit areas reported very low 
percentage of forest cover. These unit areas are having high to very high 
risk of vulnerability to desertification hazards. There is An inverse 
relationship between plant cover and the desertification vulnerability. The 
depletion of vegetation cover and plant varieties indicates higher 
susceptibility to degradation. 
ii) Barren and Uncultivated Lands 
It includes the extent of land where cultivation can not be done such 
as dune infested areas, saline beds, hills, rocky outcrops, rivers beds, 
gravels, sandy plains etc. The maximum percentage under this category 
shows higher vulnerability of the land. The high percentage in this 
category shows the incapability of the land for cultivation. The data of 
seventy three study units reveals the vulnerability of desertification 
hazards at varying degree (Table-4). Only one tehsil of the study area 
reported very high percentage of Barren and uncultivated land. While 
another two unit areas comes in high category. There are only two tehsils 
lie in moderate category. Whereas twenty other tehsils reported low 
percentage of Barren and uncultivated lands the remaining forty six unit 
areas falls in the category of very low percentage of Barren and 
uncultivated lands. There is a positive relationship between Barren and 
uncultivated land and risk of vulnerability to desertification hazards. 
Hi) Range Lands 
This category comprises the land under miscellaneous tree crops and 
groves. The maximum hectarage under this category provides more 
opportunity to animals for grazing the lands. The maximum coverage 
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Table-4 : Barren and Uncultivated Land in Western Rajasthan (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Very Low 
No. of 
Tchsils 
01 
02 
02 
20 
46 
73 
Area in 
Sq. Km. 
1,082 22 
7,818 5 
3,053 75 
69,544 59 
1,27,251 94 
2,08,751 
Percentage 
of the total 
area 
051 
3 75 
1 46 
33 31 
60 95 
100 00 
Unit Areas 
Raipur 
Lunkaransar, Bali 
Jaitaran, Sojat 
Siwana, Hanumangarh, Jaisaimer, 
Ahore, Jalore, Bhinmal, Sanchor, 
Raniwara, Osian, Bhopalgarh, 
Jodhpur, Bilara, Khetn, Udaipurwati, 
Nagaur, Merta, Nawa, Marwar 
Junction, Desuri and Neem Ka 
Thana 
Shiv, Baytu, Pachpadra, Barmer, 
Chohtan, Gudhamaiani, Bikaner, 
Kolayat, Nokha, Sardarshahar, 
Taranagar, Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, 
Ganganagar, Karanpur, Sadulshahar, 
Padampur, Raisingh Nagar, 
Anupgarh, Gharsana, Vijainagar, 
Suratgarh, Sangaria, Pilibanga, 
Rawatsar, Tibi, Nohar, Bhadra, 
Pokaran, Phalodi, Shergarh, 
Jhunjhunu, Chirawa, Nawalgarh, 
Ladnun, Didwana, Degana, Jayal, 
Fatehpur, Lachchmangarh, Sikar, 
Danta Ramgarh and Sri Madhopur 
Source : District Hand Books, Department of Economics and Statistics, Jaipur, Govt 
of Rajasthan 
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shows that the economy of the area is largely pastoralism oriented and risk 
of vulnerability to desertification would be higher. The data of 1995 has 
been analysed for the seventy three units of western Rajasthan in order to 
assess the percentage of area under the pasture and grazing lands 
(Table-5). There are only one tehsil comes in very high category of 
percentage of grazing and pastureland whereas, eight another unit areas 
reported high percentage of grazing and pasture land. There are twenty 
nine unit areas reported low percentage under this category. The 
remaining thirtyfive unit areas lie in very low percentage of grazing and 
pasture land. Low percentage in grazing and pasture land is a clear sign of 
biotic pressure. In these areas also desertification would be severe in 
intensity and deterioration of land would be higher. Similarly, the 
maximum percentage under grazing and pasture land provides more 
opportunity for grazing and covers larger area so there is also a positive 
correlation with vulnerability to desertification hazards. 
B. Livestock Resources 
i) Livestock Population 
Livestock plays a vital role in the economy as well as the ecology of 
an arid region. It provides employment to a very sizeable proportion of the 
population of the region. A socio-economic survey conducted by the 
Central Arid Zone Research Institute, Jodhpur, indicates that about two-
thirds of population in this region practiced animal husbandry as their 
main occupation.^ Despite this, the livestock sector in Rajasthan accounts 
for 12 per cent of the total income of the state.^ In this sector, a sizeable 
population of the region is engaged in the handicraft industry, utilising 
animal products, such as wool, skins, hides, hair and marketing the milk 
products and livestock. The contribution of this region to meat, milk and 
other animal products in the country is quite substantial. 
6. CZARI Socio-Economic survey of livestock breeders, in Anupgarh-Pugal region 
of the Rajasthan, Human factors studies division, Report No 65/2, CAZRl, 
Jodhpur 1965. 
7. State Planning Commission Report, 1973. 
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TabIe-5 : Range Lands 
Intensity 
Vtiy High 
High 
Medium 
Low 
Veiy low 
No. of 
Tehsils 
01 
08 
Nil 
29 
35 
73 
Area in 
Sq. Km. 
6,616 32 
13,637 94 
Nil 
70,190 82 
1,18,305 92 
2,08,751 
Percentage 
of the total 
area 
3 16 
6 53 
Nil 
33 62 
56 67 
100.00 
Unit Areas 
Shiv 
Jodhpur, Jhunjhunu, Chirawa, 
Jaitaran, Pali, Marwar Junction, 
Ball and Desuri 
-
Pachpadra, Barmer, Chohtan, 
Rajgarh, Ratangarh, Pokaran, Ahore, 
Bhinmal, Sanchor, Shergarh, Osian, 
Bhopalgarh, Bilara, Khetri, 
Nawalgarh, Nagaur, Merta, Jayal, 
Parvatser, Degana, Raipur, Pali, 
Fatehpur, Lachchmangarh, Sikar, 
Danta Ramgarh, Sri Madhopur and 
Neem Ka Thana 
Baytu, Gudhamalani, Siwana, 
Lunkaransar, Bikaner, Kolayat, 
Nokha, Sardarshahar, Taranagar, 
Churu, Sri Dungargarh, Ganganagar, 
Karanpur, Sadulshahar, Padampur, 
Raisinghnagar, Vijainagar, 
Suratgarh, Sangana, Hanumangarh, 
Pilibanga, Rawatsar, Tibi, Nohar, 
Bhadra, Jaisalmer, Jalore, Raniwara, 
Udaipurwati, Ladnun, Didwana and 
Nawa 
Source : District Hand Books, Department of Economics and Statistics, Jaipur, Govt 
of Rajasthan 
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In India, nearly 41.4 per cent of the country's total landmass of 3.28 
million square kilometers fall in this category of arid (11.8%) and semi-
arid (29.6%) zones. High agricultural risks, resulting from scarcity and 
variability of rainfall, and various attendant edaphic factors characterise 
these pockets of infertile lands. However, despite the inherent drawbacks 
of these areas, the human and livestock population of the world's arid and 
semi-arid zones increased by 75 per cent and 79 per cent respectively 
during the 25 years from 1949 to 1974 (FAO 1982)1 In Rajasthan deserts 
corresponding rise in livestock population is 129 per cent (Goat 194.3%, 
Sheep 138.5%, Cattle 47.9%, Buffalo 163.4%, Camel 169.3%, Horse and 
Donkey 32.8%).^ 
This has naturally resulted in increasing encroachments on the 
available grazing areas and almost irreversible deterioration of the land 
besides causing frequent conflicts between the pastoralists and the 
cultivators for the reason that the fodder deficit is over 40 to 50 per cent.'° 
Cattle, sheep, goats and camel are the important livestock species 
contributing to the economy of the region. According to (Abidi, 1970 and 
Wahid, 1975) on the comparative economics of sheep and goats under 
range management conditions indicate that goats are 40 to 160 per cent 
more economical than sheep." Knoss (1969) has also indicated that goats 
are more economical than sheep and two species by virtue of their 
different dietry habits do not compete with each other in utilising the 
scantily available vegetation resources.'^ 
8. FAO Production year Book, Food and Agricultural organization of the united 
Nations. Rome 1983. 
9. Jain, A.P. Rana, B.D. and Khan, M.S. Livestock and wildlife of Indian Arid 
Ecosystem, Desertification control in the Arid Ecosystem of India for Surtinable 
Development Eds. Surendra Singh & Amalkar Agro-Batonical Publisher Bikaner, 
1997. R93. 
10. Ahuja, L.D. Livestock production on rangelands in the Indian Arid zone, 
sustainable Development of the Indian Arid Zone A. Research perspective (Eds. 
R.R Singh and Surendra Singh) Scientific Publisher, Jodhpur, 1947, pp. 179-190. 
11. R.M. Acharya, et. al Livestock Production Problem and Prospects, Desertification 
and its control, edited RS. Jaisalwal I.C.A.R., New Delhi, 1977 p. 275 
12. Ibid. p. 275 
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It is estimated that the contribution of livestock to desertification is 
relatively small as compared with the climatic and human factors. For 
example, the utilization of marginal and sub-marginal lands for crop 
farming, the felling of trees for fuels and timber and mis-management of 
the soil. However, the utilization of the large grazing lands for crop 
farming, has resulted to the shrinkage of range lands and the related 
serious problems of over-grazing, thus adding to the forces causing to 
desertification.'^ 
Among the species of livestock in the arid region, sheep would 
perhaps contribute the maximum to soil erosion because of their close 
grazing habits. Goats prefer browsing and will graze only under 
conditions when nothing is available for browsing. They are not so 
selective as sheep and would consume a wide variety of vegetation, 
especially weeds, shrubs, bushes and young trees. It has been seen that 
goat population is higher than other species. 
The data reveals that buffaloes, goats, sheep and other livestock 
constitute 4.54,1.75,7.39,8.73 and 1.44 million respectively of the total 
23.23 million livestock population whereas the total livestock population 
in the state is 44.50 million (Appendix-X). The livestock population 
exceeds the human population. The ratio being 133 head of livestock per 
100 persons. The density of livestock which indicate pressure on the 
grazing lands is much higher in the region. The livestock population of 
arid zone has increased from 10.27 millions in 1951 to 23.23 millions in 
1983. These high pressure of livestock on the grazing lands in view of 
their low carrying capactiy results in the overuse of these lands resulting 
in depletion of the natural vegetation resources.''* 
As data reveals the total livestock pressure on land seems extremely 
high in the district of Banner 3.157 million heads whereas, Jodhpur and 
Nagaur districts recorded 2.777 million 2.803 million heads respectively. 
13. Ibid. p. 275 
14. Mann, H.S. et.al. Land and Resource Utilisation in the arid zone, Desertification 
and its control, (ed) Jaisalwal, P.L. I.C.A.R. New Delhi, 1977, p.99. 
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The districts Biicaner and Pali come under medium category having 2.06 
million and 2.06 million population. Churu and Jalore fall under low 
category having 1.678 and 1.689 million. There are five districts which lie 
under very low category of livestock population these are Ganganagar 
1.239 million, Hanumangarh, 1.125 million, Jaisalmer 1.365 million. 
Jhunjhunu 1.178 million and Sikar 1.501 million (Appendix-IX). 
ii) Density of Livestock Population 
The Indian arid tract shows great disparity in livestock population 
density. The density of livestock population decreases from east and 
South-east towards west and northwest along with the decrease of rainfall 
and thus with degenerating rangelands potentials. After the analysis of 
data it was found that there are only three tehsils comes in very high 
category of density of livestock population whereas, twelve another tehsils 
come in high category of density of live stock population. There are 
sixteen unit areas lie in moderate category of density of population. While 
thirty four unit areas reported low density of livestock population. The 
remaining eight other unit areas fall in the category of very low density of 
livestock population (Table-6). 
The pressure of livestock population on weak and fragile ecosystem 
in the study area is considerably high. The result has been overgrazing and 
deterioration of the surface vegetation on the other hand, lower density of 
livestock population in western margin of the study area does not mean 
the lower vulnerability but risk is higher in the larger area which provides 
more land for grazing. 
iii) Variation in Livestock Population 
The livestock population of Indian arid zone has increased from 13.4 
million in 1956 to 23.2 million in 1983, which shows a rise of 73.38 per 
cent in 27 years. This is much higher than the state average which rose by 
52.6S per cent during the same period. The data of 1977 to 1995 have 
been analysed (Appendix-IX). Only one tehsil of the study area reported 
very high variation in livestock population (Table-7). There are twenty 
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Tabie-6 : Density of Livestock Population (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Veiy low 
No. of 
Tehsils 
03 
12 
16 
34 
08 
73 
Area in 
Sq. Km. 
2,972 
17,352 03 
33,403 07 
88215 34 
66,808 56 
2,08,751 
Percentage 
of the total 
area 
1 42 
831 
160 
42 25 
32 0 
100.00 
Unit Areas 
Nawalgarh, Udaipurwati, Bali 
Chirawa, Nawa, Parvatsar, Jaitaran, 
Raipur, Pall, Marwar Junction, 
Desun, Sikar, Danta Ramgarh, Sri 
Madhopur and Neem Ka Thana 
Chohtan, Ganganagar, Karanpur, 
Ahore, Jaiore, Bhinmal, Raniwara, 
Shergarh, Bhopaigarh, Jodhpur, 
Bilara, Jhunjhunu, Khetn, Merta, 
Ladnun and Didwana 
Baytu, Pachpadra, Barmer, 
Gundhamalani, Siwana, Bikaner, 
Nokha, Taranagar, Rajgarh, Churu, 
SriDungargarh, Ratangarh, 
Sujangarh, Sadulshahar, Padampur, 
Raisingh Nagar, Anupgarh, 
Gharsana, Vijainagar, Suratgarh, 
Sangaria, Hanumangarh, Pilibanga, 
Tibi, Nohar, Sanchor, Phalodi, Osian, 
Nagaur, Jayal, Degana, Sojat, 
Fatehpur and Lachchmangarh 
Shiv, Lunkaransar, Kolayat 
Sardarshahar, Rawatsar, Bhadra, 
Jaisalmer and Pokaran 
Source : Districts Handbooks, Department of Economic and Statistics, Jaipur, Govt of 
Rajasthan 
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Table-7 : Variation in Livestock Population (1977-1995) 
Intensity 
Very High 
High 
Medium 
Low 
Vciy low 
No. of 
Tehsils 
01 
Nil 
21 
45 
06 
73 
Area in 
Sq. Km. 
9,306 21 
Nil 
54,279 95 
1,35,653 37 
9511 47 
208,751 
Percentage 
of the total 
area 
4 45 
-
26 0 
64 98 
4 55 
100.00 
Unit Areas 
Bikaner 
-
Chohtan, Lunkaransar, Sri 
Dungargarh, Sadulshahar, Raisingh 
Nagar, Gharsana, Vijainagar, 
Hanumangarh, Nohar, Pokaran, 
Ahore, Jalore, Sanchor, Jodhpur, 
Khetri, Merta, Parvatsar, Degana, 
Jaitaran, Neem Ka Thana, Chirawa 
Shiv, Baytu, Pachpadra, 
Gudhamalani, Siwana, Kolayat, 
Nokha, Sardarshahar, Taranagar, 
Churu, Ratangarh, Sujangarh, 
Suratgarh, Sangaria, Pilibanga, 
Rawatsar, Tibi, Bhadra, Jaisalmer, 
Bhinmal, Raniwara, Phalodi, 
Shergarh, Osian, Bhopaigarh, 
Jhunjhunu, Nawalgarh, Nagaur, 
Jayal, Ladnun, Didwana, Raipur, 
Sural Pall, Bali, Desuri, fatehpur, 
Lachmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur 
Banner, Anupgarh, Bilara, 
Udaipurwati, Nawa and Pah 
Source : District Hand Books, Department of Economic and Statistics, Jaipur, 
Government of Rajasthan 
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one tehsils in the study area lie in moderate category. Whereas forty six 
unit areas reported low variation in livestock population. The remaining 
six tehsils fall in the category of very low variation in livestock 
population. It has been observed that eastern part of the study area are 
slightly better as compared to western margin. These areas are having low 
risk to vulnerability to desertification hazards as compared to western 
front of the study area. 
iv) Livestock Mobility and Pressure on Range Lands 
It has been generally noted that in the very high rainfall areas 
livestock population is low whereas, in the low rainfall areas the livestock 
population is high. However, it does not mean that there is a causal 
relationship between the amount of rainfall and the size of livestock. 
Infact, it would be wise to explain that because in the high rainfall areas 
crop husbandry is more stable therefore, livestock rearing occupies a 
secondary position and thus, the livestock population is low. On the other 
hand, because in the low rainfall areas crop husbandry is not stablised and 
agricultural fortunes are not favourable livestock husbandry aquires a 
prominent position in the land use. In this way, large size of livestock is 
explainable in low rainfall areas. 
There are sixteen tehsils of the Indian desert recorded very high to 
high rainfall. These are Khetri, Udaipurwati, Bali, Desuri, Neem Ka 
Thana, Bhinmal, Bilara, Chirawa, Didwana, Raipur, Sojat, Pali, Marwar 
Junction, Sikar, Danta Ramgarh and Sri Madhopur. Out of these sixteen 
tehsils Udaipurwati and Raipur have very low livestock Population and 
Bilara, Chirawa Khetri, Sojat, Pali, Marwar Junction, Bali, Desuri, Sikar, 
Danta Ramgarh and Neem Ka Thana lie under the category of low size of 
livestock population whereas Bhinmal tehsils of the Indian desert reported 
relatively higher livestock population. 
There are twenty four tehsils of Indian deserts which come under the 
category of medium rainfall. These are Siwana, Rajgarh, Churu, 
Ratangarh, Sujangarh, Bhadra, Jodhpur, Jhunjhunu, Nawalgarh, Nagaur, 
Merta, Jayal, Ladnun, Nawa, Parvatsar, Degana, Jaitaran, Fetehpur and 
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Lachchmangarh. Out of these twenty four tehsils of medium rainfall areas 
ten tehsils lie under the category of very low livestock population. These 
are Rajgarh, Churu, Ratangarh, Bhadra, Raniwara, Jhunjhunu, Nawalgarh, 
Ladnun, Fatehpur and Lachchmangarh. Another eleven unit areas of 
medium rainfall areas have low population of livestock these are Siwana, 
Sujangarh, Ahore Jalore, Sanchor, Bhopalgarh, Merta, Jayal, Nawa, 
Degana and Jaitaran whereas two tehsils of medium rainfall areas are 
having high livestock population these are Jodhpur and Parvatsar. The 
remaining Nagaur tehsil of medium rainfall area are having relatively 
higher size of livestock population in the study area. 
There are twenty seven tehsils of western Rajasthan which come 
under the category of low rainfall areas. These are Shiv, Barmer, Baytu, 
Pachpadra, Chohtan, Gudhamalani, Lunkaransar, Bikaner, |Colayat, 
Nokha, Sardarshahar, Tara Nagar, Sri Dungargarh, Ganganagar, Karampur, 
Sadulshahar, Padampur, Suratgarh, Sangaria, Hanumangarh, Pilibanga, 
Rawatsar, Tibi, Nohar, Phalodi, Shergarh and Osian. Out of these, Bikaner 
tehsil reported very high livestock population in the study area. Whereas, 
Chohtan and Phalodi come under the category of high livestock 
population. Besides this, six tehsils of western Rajasthan reported medium 
population of livestock. These are Shiv, Barmer, Gudhamalani, 
Lunkaransar, Shergarh and Osian, Another eight tehsils of low rainfall 
area have relatively low size of population. These are Baytu, Pachpadra, 
Kolayat, Nokha, Sardarshahar, Shri Dungargarh, Suratgarh and Nohar. The 
remaining ten tehsils of low rainfall areas in Indian desert are Tara Nagar, 
Ganganagar, Karanpur, Sadulshar, Padampur, Sangaria, Hanumangarh, 
Pilibanga, Rawatsar and Tibi. These lie under the category of very low 
livestock population. There are six tehsils of western Rajasthan under the 
category of very low rainfall. These are Raisinghnagar, Anupgarh, 
Gharsana, Vijai Nagar, Jaisalmer and Pokaran. Out of six tehsils Jaisalmer 
and Pokaran are having high livestock population. Whereas remaining four 
tehsils i.e. Raisinghnagar, Anupgarh, Gharsana and Vijai Nagar, are 
having very low livestock population in the region. 
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In good rainfall areas such as Khetri, Udaipurwati, Bali, Desuri, 
Neem Ka Thana, Bhinmal, Bilara, Chriawa, Didwana, Raipur, Sojat, Pali, 
Marvvar Junction, Sikar, Danta Ramgarh and Sri Madhopur are having 
very low to low livestock population. There is short range migration and 
mobility of the livestock in these areas which is largely at Intra-block 
level. 
In areas of relatively lower rainfall and a little higher livestock 
population size such as Siwana, Rajgarh, Churu, Ratangarh, Sujangarh, 
Bhadra, Ahore, Jalore, Sonchor, Raniwara. Bhopalgarh, Jodhpur, 
Jhunjhunu, Nawalgarh, Nagaur, Merta, Jayal, Ladnun, Nawa, Parvatsar, 
Degana, Jaitaran, Fatehpur and Lachmangarh. The reares mobility is 
generally at inter-block level. 
In the areas of still lower rainfall with lower bio-mass potential and 
still higher livestock population such as Shiv, Barmer, Pachpadra, 
Chohtan, Gudhamalani, Lunkaransar, Bikaner, Kolayat, Nokha, 
Sardarshahar, Taranagar, SriDungargarh, Ganganagar, Karanpur, 
Sadulshahar, Padampur, Suratgarh, Sangaria, Hanumangarh, Pilibanga, 
Rawatsar, Tibi, Nohar, Phalodi, Shergarh, Raisinghnagar, Anupgarh, 
Gharsana and Vijai Nagar. The reares mobility may encompass a larger 
area i.e. Inter tehsil level. 
In the areas of very scanty and erratic rainfall such as Jaisalmer and 
Pokaran where biomass potential is meagre with higher livestock 
population the livestock migration is long range upto an inter-district or 
even inter-state level particularly during the years of droughts. The yearly 
varying intensity of the droughts would also affects the livestock rearing 
mobility area. The western Rajasthan is having very large number of 
livestock on weak and fragile ecosystem, the grazing land availability for 
these animals has already become limited and is shrinking fast. This has 
naturally resulted in increasing encroachments on the available grazing 
areas and almost irreversible deterioration of the land which leads to 
desertification hazards. It has been observed that along the western 
districts of Rajasthan such as Barmer, Jaisalmer and Bikaner the mobility 
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of livestock is long distance because the rangelands are nucleated under 
the impact of environmental exigencies. Towards the eastern and north 
eastern districts such as Jhunjhunu and sikar the mobility of livestock is 
short distance between the rangelands arc scattered due to comparatively 
better environmental conditions. 
C. Human Resources 
Human resource base is of crucial significance in harnessing the 
natural resources, economic prospects and the environmental fortunes in 
the scarcity striken arid regions. Human capability is an essential resource 
in a region to determine the economic pattern of resource utilization and 
to provide the required labour and skill to make best utilization of the 
natural means. Population of western Rajasthan is increasing at a faster 
rate. This explosion of population further deteriorated the already week 
and depleted natural ecosystems of the region. Over exploitation of water, 
plant and land resources by man has disturbed the delicate ecological 
balance. Overgrazed rangelands, shrinking forest and eroded agricultural 
fields are posing a serious danger to our coming generations. 
The land and water resources are finite our ability to feed the 
increasing population will depend on how efficiently we use these 
resources without reducing their potential to meet the growing demand of 
future. The study of population is necessary to assess the potential 
capacity of each region for supporting the population. 
i) Distribution of Population 
The distribution of population in the region is highly sparse and 
uneven mainly because of the region's arid and variable environmental 
conditions Indian desert receives very less amount of rainfall, which 
decreases from east to west. There are various factors which are 
responsible for this uneven distribution of population like insufficient 
supply of water for irrigation, poor soil fertility, prevalence of dunes high 
temperatures etc. Besides this, there are various cultural factors and the 
economy of the region is rural based. Most of the population depends 
mainly upon agriculture and livestock. The settlements can also be seen in 
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clustered form around the water points. So water seems to be the main 
factor to shape the region's habitable pattern. It is due to absence of 
perennial rivers which remain dry over a long period of the year. The 
static water level generally increases from region. The depth upto which 
water is available in the arid zone ranges from less than 10 metres to as 
much as 140 m below the surface.'^ The water table normally ranges 
between 50-60 m below the surface and its utility also minimised due to 
presence of large amount of salinity in it.'^ The soil of the region is sandy 
in nature. There are vast stretches of inhospitable land turned towards 
barren and uncultivable by sand dunes. The dunes further pose a serious 
problem to settlement and communication. So the distribution oi' 
population is concentrated only in areas where land, water and climate is 
better than the areas which are barren, waterless and inhospitable. 
According to 1995, district handbook reports. Government of 
Rajasthan the total population of the Indian desert is 1,62,04671 which 
was 36.82 per cent of the population of state. Indian arid zone covering 
an area of 2,08,751 square kilometer occupies is as high as 61:03 per cent 
of total area of Rajasthan and supports only 36.82 per cent of its total 
population. Most of the population is concentrated in some favoured 
stretches mainly in the piedmont zone of the steppe desert, leaving vast 
tracts of land nearly destitute in the more arid western sector. The largest 
population concentration is the steppe desert around luni-basin, the canal 
zone of the north and north eastern part of the region where rainfall and 
water availability conditions are better than the western districts. It is also 
seen that due to the availability of water even a smaller district like 
Jhunjhunu accounts population equal to Barmer and Jaisalmer put 
together. Jodhpur has nearly triple the population of Bikaner. This shows 
that population is sparse and highly uneven in distribution in western 
Rajasthan. 
.5. Mann, H.S. (ed.) Static ground water Level in Ground water Atlas of Rajasthan, 
I.C.A.R. New Delhi, 1982, p. 21. 
16. Ahmad, A. Human Geography of Indian desert (Unpublished, Ph.D Thesis) 
A.M.U., Aligarh. 1963. P.165. 
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ii) Population Density 
Population distribution and density furnish important insighits in 
understanding the man-land ratio and the human resource availability. 
Comparative to other deserts, Rajasthan desert is one of the most thickly 
populated deserts of the world and has an average density of 78 persons 
per square kilometre as compared with 5 person per square kilometre in 
most other regions of the world. Though the variations in the densities of 
population do accur on account of topography, soils, the occurrence of 
minerals, accessibility and other Socio-economic factors among which 
water is the most important factor determining the distribution and density 
of population in western Rajasthan where agriculture is a predominant 
occupation and mining is undeveloped. The density of arid tract is very 
low except in Ganganagar and Hunumangarh districts. As against this, the 
state population density is 129 persons per square kilometre. The 
population density in the district of Ganganagar and Hanumangarh is 
higher owing to the availability of surface water through canal irrigation, 
stabilization and commercialization of agriculture and the related heavy 
immigration from Punjab and Haryana. Similarly, the districts such as 
Jhunjhunu, Nagaur, Jodhpur, Sikar and Pali have greater facilities of well 
and tank irrigation, show a higher density of Ganganagar and Jhunjhunu 
has different genesis. The high population density of Jhunjhunu 
historically built up by the socio-econonmic conditions whereas the rising 
density of Ganganagar and Hanumagarh is an over night spurt of 
population in the wake of Gang Canal and Indira Gandhi Canal network. 
The density of population declines from the foothills of the Aravalli's 
towards the narrow belt between sultej and the dry bed of the Ghaggar and 
the thirsty sands of the deserts.'^ 
The vast arid tract comprises twelve districts of Rajasthan that is 
Barmer, Bikaner, Churu, Ganganagar, Hanumangarh, Jaisalmer, Jalore, 
Jhunjhunu, Jodhpur Nagaur, Pali and Sikar. It comprises seventy three 
17. Chauhan, T.S. Integrated Area Development of Indian Desert. Geo-Environ 
Acadeinia and Divyajyoti Prakshan Jaipur, 1989, p. 164. 
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tehsils. Out of the twelve districts four largest are in the west only Jalore, 
Sikar and Jhunjhunu are small. Ganganagar, Hunumangarh, Jodhpur and 
Nagaur have large populations, and the rest are very low in populations 
rank. Only Sikar and Jhunjhunu have above the state average density of 
129 person per square kilometer. Sikar has 238 persons per square 
Kilometre whereas Jhunjhunu records 267 persons per square kilometer 
which is the most thickly populated. Jaisalmer has 9 persons per square 
kilometer records the lowest density. However, Jaisalmer has recently 
registered a significant increase in its density (Appendix-XI). 
The density of population is divided into five convenient grops. 
Areas of very low Density of Population 
These areas are characterised by densities below 75 persons per 
square kilometer. These areas are confined to the extreme western part of 
the region covering Shiv, Baytu, Pachpadra, Barmer, Chohtan and 
Gudhamalani of district of Barmer. Lunkaransar, Bikaner, Kolayat and 
Nokha tehsils of districts of Bikaner SardarShahar, TaraNagar, Sri 
Dungargarh, Ratangarh and Sujangarh tehsils of district Churu. Gharsana 
and Suratgarh tehsils of distict Ganganagar. Rawatsar tehsil of district 
Hanumangarh, Jaisalmer, Phalodi, Shergarh and Osian covering an area of 
1,25,937.45 square kilometer which inhibit only 46,62,228 persons with 
an average 37 persons per square kilometer. Population of these tehsils are 
very sparse which is attributed to dry climate, less amount of rainfall 
barren land, unproductive soils, sand dunes, no-availability of agricultural 
land, absence of water and serveral other inhospitable conditions are 
responsible for this very low density of the population in the region. 
Areas of Low Density of Population 
There are twenty seven tehsils of western Rajasthan under the 
category of low density of population. These are siwana tehsil of district 
Barmer. Rajgarh and Churu tehsils of district Churu. Raisingh Nagar, 
Anupgarh and Vijai Nagar tehsils of district Ganganagar. Pilibanga, Nohar 
and Bhadra tehsils of district Hanumangarh. Ahore, Jalore, Bhinmal, 
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Sanchor and Raniwara tehsils of district Jalore. Bhopalgarh, Jodhpur and 
Bilara tehsils of district Jodhpur. Nagaur Merta, Jayal, Ladnun tehsils of 
district Nagaur. Jaitaran, Sojat, Pali, Marwar Junction, Bali and Desuri 
tehsils of district Pali covering an area of 54,904.34 square kilometer 
which supports 56,29,075 population of western Rajasthan having an 
average density of 103 persons per square kilometer (Table-8). This area 
has slightly better conditions, because of the agro-based economy which 
is entirely rural oriented in nature. Agriculture is based on well irrigation, 
water table is slightly higher, rainfall is also relatively higher, dunes 
infestation is less severe as compared to extreme west in Jaisalmer and 
Bikaner. 
Areas of Moderate Population Density 
There are thirteen tehsils in western Rajasthan lie in moderate 
category of density of population. These are Karanpur, Sadulshahar, 
Pandampur tehsils of district Hunumangarh. Didwana, Nawa, Parvatiar 
and Degana tehsils of district Nagaur. Raipur tehsil of district Pali. 
Fatehpur, Lachmangarh and Danta Ramgarh tehsils of district Sikar 
covering an area of 15,705.38 Square Kilometere and supports 25,94,790 
population which has an average density of 165 persons per square 
kilometer. This belt is comparatively wetter part of the region except 
Ganganagar which has been thoroughly Irrigated. There are occurrence of 
numerous streams which rise from the western slopes of the Aravallis and 
drain into the Southern tract. Introduction of Indira Gandhi Canal in 
Ganganagar district and the population attracted from different areas and 
settled in the region results in higher density of population. The water 
table density of population. The water table is quite high. Comparatively 
good rainfall, permanent water supply either from the running streams as 
the subterranean source and a fertile sandy loam provide optimum 
agricultural condition which attract the large concentration of the people. 
Areas of High Population Density 
This covers Hanumangarh tehsil of district Hanumangarh. Jhunjhunu, 
Chirawa, Khetri and Udaipurwati tehsils of district Jhunjhunu. Sikar and 
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Table-8 : Population Density (1995) 
Category 
Very low 
Low 
Medium 
High 
Veiy High 
No. of 
Tchsils 
23 
27 
13 
07 
03 
73 
Area in 
Sq. Km 
125937 45 
54,904 34 
15,70,538 
9111 06 
3092 77 
208751 
%agc of 
the total 
area 
60 32 
26 30 
7 52 
4 36 
1 48 
100.00 
Affected 
population 
46,62,228 
5629075 
25,94,790 
23,19,789 
9,98,789 
1,74,20,280 
% of the 
total 
population 
26 77 
34 73 
1601 
1431 
6 16 
99.98 
Unit Areas 
(37 Person/sq km) 
Shiv, Baytu, Pachpadra, 
Banner, Chohtan, 
Gudhanialani, Lunkaransar, 
Bikaner, Kolayar, Nokha, 
Sardarshahar, Taranagar, 
SriDungdgarh, Ralangarh 
Sujangarh, Rawatsar, 
Jaisalmer, Pokaran, Phalodi, 
Shergarh, Osian 
(103 person/sq km) 
Siwana, Rajgarh, Churu, 
Raisingh Nagar, Anupgarh, 
Vijai Nagar, Piiibanga, Nohar, 
Bhadra, Ahore, lalore, 
Bhinmal, Sanchor, Raniwara, 
Bhopalgarh, lodhpur, Bilara, 
Nagaur, Merta, Jayal Ladnun, 
Jaitaran, Sojat, Pali, Marwar 
Junction, Ball and Desuri 
(165person/Sq km) 
Karanpur, Sadulshahar, 
Padampur, Sangaria, Tibi , 
Didwana, Nawa, Parvatsar, 
Degana, Raipur, Fatehpur, 
Lachchmangarh, Danta 
Ramgarh 
(255person/Sq km) 
Hanumangarh, Jhunjhunu, 
Chirawa, Khclr i , Udaipurwati, 
Sikar and Neem kd Thana 
(323 ppsqkm) 
Ganganagar, Nawalgarh, Sri 
Madhopur 
Source : District Hand Books, Department of Economics and Statistics, Jaipur. Govt of 
Rajastinan. 
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Neem Ka Thana tehsils of district Sikar, comprising an area of 9,111.06 
Square Kilometre and supports 23,19,789 persons. It has an average 
density of 255 persons per square kilometer. The high density of 
population in this area is due to good rainfall, fertile land, high water 
table, improved irrigation facilities and intensification of agriculture. 
Areas of Very High Density 
This covers only 3092.77 square kilometer of an area and supports 
9,98,789 persons. It comprises Ganganagar tehsil of district Jhunjhunu 
and Sri Madhopur tehsil of district Sikar. It has an average density of 322 
persons per Square kilometer. This very high density of population dwells 
upon good rainfall, fertile land, high-water table, improved Irrigation 
facilities and intensification of agriculture. 
ill) Population Growth 
According to the census of 1901 the population of arid zone of 
Rajasthan was 3.567 millions which has increased to 1,74,20,280 in 1991 
i.e. the population of the region registered an increase of nearly five 
times to its size in a period of ninety years. Existing evidence shows that 
the population in the arid zone during the late medieval period had 
remained static or increased only slightly.'^ The trend continued even 
during the first two decades of the present century. However, a 
phenomenal increase set in thereafter. The population almost doubled in 
the four decades from the year 1921 and a further increase of over 75 per 
cent has occurred in the succeeding two decades upto 1981. Another 
increase of nearly 3.5 million persons during 1981-1991. The growth rate 
in the Indian arid zone all along has been substantially higher than for the 
country as a whole.'^ As a result of this continues increase of population 
the density in the arid tract has increased from 17 persons per square 
18. Dhir, R.P The human factors in ecological history. Desertification and 
Development. Dryland Ecology in social Perspective. Academic press New York, 
1982, pp.311-31 
19, Malhotra, S.P Socio-demographic factors and nomadism in the Arid zone. 
Desertification and its control. I.C.A.R. New Delhi 1977. pp 310-323 
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kilometer to 30 pp sq km in 1961 and 68 pp sq. by the year 1981 and 86 
per square km by 1991. This render the Indian arid zone most densely 
populated among the regions of similar aridity indices elsewhere. 
Rajasthan State continues to register high growth rate even higher 
than the all India average whereas Arid west of Rajasthan has always 
shown larger than the corresponding increase as compared to the semi-arid 
and sub-humid Regions. The western arid tract registered a decadal 
increase of over 39.03 per cent in 1981 and 33.82 per cent in 1991 
(Appendix-XI). 
The growth of population in the Arid zone has been very high 
(Table-9). On the basis of 1981-1991 census there are only three tehsils of 
western Rajasthan come under the category of very high growth rate of the 
population i.e. Bikaner, Suratgarh and Phalodi covering an area of 
19,640.79 square kilometre which is 9.44 per cent of the Indian arid zone. 
The are twelve tehsils which come under the category of high population 
growth i.e. Nokha, Rajgarh, Pilibanga, Nohar, Jaisalmer, Jodhpur, 
.Ihunjhunu, Nagaur, Merta, Nawa and Neem ka Thana covering an area of 
52,740.65 square kilometre which cover 25.35 per cent of the western 
Rajasthan. There are twenty four tehsils of the Indian desert having 
medium growth of population these are Shiv, Pachpadra, Kolayat, Tara 
Nagar, Churu, Ganganagar Sadulshahar, Anupgarh, Sangaria, 
Hunumangarh Tibi, Pokaran, Shergarh, Osian, Bilara, Khetri, 
Udaipurwati, Landnun, Didwana, Parvatsar, Lachchmangarh, Sikar, 
DantaRamgarh and Sri Madhopur which cover and area of 59,162.39 
Square kilometre of western Rajasthan and encompass 28.44 per cent of 
Indian desert. There are twenty two tehsils under the category of Low 
population growth. These are Barmer, Chohtan, Lunkaransar, Sardanshahr, 
SriDungargarh, Ratangarh, Sujangarh, Karanpur, Padampur, Raisingh 
Nagar, Vijainagar, Bhadra, Ahore, Jalore, Bhinmal, Sanchor, Bhopalgarh, 
Chirawa, Degana, Sojat, Pali and Sikar covering an area of 53,937.53 
square kilometer which is 25.92 per cent of the western Rajasthan. 
Another thirteen tehsils of western Rajasthan fall under the category of 
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Table-9 : Population Growth in Western Rajasthan (1981-1991) 
Intensity 
Very High 
High 
Medium 
Low 
Verylow 
No. of 
Tehsils 
03 
12 
24 
22 
13 
73 
Area in 
Sq. Km. 
19,640.79 
51,740.16 
59,162.39 
53,937.53 
• 22,539.86 
2,08,751 
Percentage 
of the total 
area 
9.44 
25.35 
28.44 
25.92 
10.83 
100.00 
Unit Areas 
Bikaner, Suratgarh and Phalodi 
Nokha, Rajgarh, Pilibanga, Nohar, 
Jaisaimer, Jodhpur, Jhunjhunu, 
Nagaur, Merta, Nawa and Neem ka 
Thana. 
Shiv, Pachpadra, Kolayat, Taranagar, 
Churu, Ganganagar, Saduishahar, 
Anupgarh, Sangaria, Hanumangarh, 
Tibi, Pokaran, Shergarh, Osian, 
Bilara, Khetri, Udaipurwati, Ladnun, 
Didwana, Parvatsar, Lachchman-
garh, Sikar, Danta Ramgarh and Sri 
Madhopur. 
Barmer, Chohtan, Lunkaransar, 
Sardarshahar, SriDungargarh, 
Ratngarh, Sujangarh, Karanpur, 
Padampur, Raisinghnagar, Vijai 
Nagar, Bhadra, Ahore, Jaiore, 
Bhinmai, Sanchor, Bhopaigarh, 
Chirawa Degana, Sojat, Pali and 
Sikar. 
Baytu, Gudhamaiani, Siwana, 
Gharsana, Rawatsar, Raniwara, 
Nawalgarh, Jayai, Jaitaran, Raipur, 
Marwar Junction, Bali and Desuri. 
Source : District Hand Books, Department of Economics and Statistics, Jaipur Govt of 
Rajasthan. 
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very low population growth. These are Baytu, Gudhamalani, Siwana, 
Gharsana, Rawatsar, Raniwara, Nawalgarh, Jayal, Jaitaran, Raipur, 
Marwar Junction Bali and Desuri covers an area of only 22,539.86 square 
kilometre which is 10.83 per cent of the western Rajasthan. 
Spatial Variation of Population Growth Gap 
After the analysis of the data of 1971-1981 and 1981-1991 it has 
been fouud that there are fifty five tehsils in western Rajasthan showing 
decreasing growth Gap of the population during the decade (Table-10). 
Out of fifty five tehsils of western Rajasthan three tehsils come under the 
category of very high negative growth gap of the population. Another 
three tehsils come under the category of high category of negative growth 
gap of the population. These are Gudhamalani, Hanumangarh, and Pali. 
Besides this twenty five other tehsils of western Rajasthan lie under the 
category of moderate negative growth gap. These are Shiv, Baytu, Banner, 
Chohtan, Kolayat, Padampur, Raisinghnagar, Anupgarh, Rawatsar, 
Bhadra, Ahore, Jalore, Bhinmal, Raniwara, Jayal, Jaitaran, Raipur, Sojat 
Marwar Junction, Bali and Desuri. There are seventeen tehsils under the 
category of low negative growth gap. These are Pachpadra, Lunkaransar, 
Nokha, Rajgarh, Ganganagar, Sudulshahar, Gharsans, Vijainagar, 
Suratgarh, Sagaria, Pilibanga, Phalodi, Bhopalgarh and Fatehpur. 
There are seven other tehsils with very low negative growth gap in 
the Indian desert. These are Jaisalmer, Pokaran, Sanchor, Shergarh, Osian, 
Jodhpur and Bilara. 
On the otherhand there are eighteen tehsils of western Rajasthan 
showing high increase in positive growth gap of the population. These are 
Bikaner, Tibi, Nohar, Parvatsar, Degana, Lachchmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur and Neem Ka Thana. 
The major factors which are responsible for the surprising growth 
rate ave the widening gap between birth and death rates (Natural Growth) 
and the migration. Immigration seems very less due to the absence of large 
scale industries and mineral production. Inspite of heavy push factor, 
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TabIe-10 : Spatial Variation of Population Growth Gap (1981-1991) 
Category 
Negative 
Growth 
Very High 
High 
Medium 
Low 
Very low 
Positive 
Growth 
No. of 
Tehsils 
03 
03 
25 
17 
07 
55 
18 
73 
Area in 
Sq. Km. 
-
-
1,73,850.79 
34,170.43 
2,08,751 
Percentage 
of the total 
area 
-
-
83.28 
16.36 
100.00 
Unit Areas 
Siwana, Nawalgarh 
Gudhamalani, Hanumangarh Pali 
Shiv, Baytu, Barmer, Chohtan, 
Kolayat, Sardarshahar, Taranagar, 
Sujangarh, Karanpur, Padampur, 
Raisingh Nagar, Anupgarh, 
Rawatsar, Bhadra, Ahore, Jalore, 
Bhinmal, Raniwara, Jayal, Jaitaran, 
Raipur, Sojat, Marwar Junction, Bali, 
Desuri 
Pachpadra, Lunkaransar, Nokha, 
Rajgarh, Ganganagar, Sadulshahur, 
Gharsana, Vijai Nagar, Suratgarh, 
Sangaria, Pilibanga, Phalodi, 
Bhopalgarh, Fatehpur 
Jaisalmer, Pokaran, Sanchor, 
Shergarh, Osian, Jodhpur, Bilara 
Bikaner, Tibi, Nohar, Jhunjhunu, 
Chirawa, Udaipurwati, Nawa, 
Parvatsar, Degana, Lachchaman-
garh, Sikar, Domtaramgarh, Sri 
Madhopur and Neem Ka Thana 
Source : District Handbooks, Department of Economics and Statistics, Jaipur, Govt, of Rajasthan. 
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overcrowding is occurring on the already over-saturated lands. Areas of 
crop husbandry seem to show a rising growth rate. These are in north and 
north-eastern part of western Rajasthan population growth gap is generally 
high in sedentary groups as compared to migratory groups. The western 
Rajasthan recorded very high negative growth gap. It is only due to 
agricultural base and presence of migratory society in the study area. 
There are also various other factors like backwardness, poor means of 
communication lack of social institutions such as joint family system, 
caste system early marriage and illiteracy among the people. Improved 
medical care in recent times has greatly minimised mortality at birth and 
has increased population growth. 
iv) Literacy Rates 
Literacy plays a vital role in the socio-economic development of a 
region and it is also supposed to change the fertility pattern of the region. 
The literacy scene in Rajasthan as compared to other states is not 
satisfactory. The literacy rate in Rajasthan was only 3.5 per cent in 1901, 
now it has increased to 38.55 per cent of the total population (aged 7 
years and above). In rural areas this proportion is about 30 per cent while 
in urban areas it works out to be 65 per cent. During the 1981-91 decade, 
53.33 lakh person were added to the ranks of the literates. Within the state 
desert districts during 1981-1995 have also recorded improvement in the 
ratio of literates to total population in case of both male and female. The 
gap in the literacy ratio's for males has narrowed down between the 
districts. While this has increased in the case of females. The increase in 
percentage for both males and females are higher in Jhunjhunu, Pali and 
Sikar districts than that of the Rajasthan average. The best performance in 
terms of improvement in the ratio of literates to population is in the 
district Jhunjhunu. The highest ratio has been in Jaisalmer. The highest 
increase in the literacy ratio for females was in Ganganagar 11.92 per cent 
and Jhunjhunu 11.65 per cent. The most dismal picture regarding the 
increase in the female literacy ratio comes from Jalore district 2.5 per 
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cent.^ ^^  Although Jalore has risen above the Rajasthan, average with regard 
to male literacy ratio, its position pertaining to the females is surprisingly 
the lowest, it is a matter of serious concern that except for Jhunjhunu and 
Ganganagar districts, the gender gap has increased in all the districts. 
Thus the female literacy percentage for Rajasthan and its arid zone had 
been much lower for 1981 as well as for 1991.^' 
The district Jhunjhunu reported very high literacy rate i.e. 47.60 per 
cent as compared to Sikar 42.49 per cent Ganganagar 41.52 per cent, 
Bikaner 41.73 per cent and Jodhpur 40.69 per cent, all are above the state 
average where as Pali 35.96 per cent and Churu 34.78 per cent lie under 
moderate category followed by Jalore 31.94 per cent, Nagaur 31.80 per 
cent fall under low category. The Barmer reported very low literacy rate 
i.e 22.98 per cent (Appendix-XI). 
The data of the year 1995 for the seventy three unit areas of the 
western Rajasthan have been analyzed in order to assess the literacy level 
in the area. Only one tehsil reported very high literacy level. This 
prestigious tehsil is Karanpur nine another tehsils reported high literacy 
rate. These are Churu, Ganganagar, Sadulshahar, Padampur, 
Raisinghnagar, Vijai Nagar, Jodhpur, Chirawa, Pali, Sikar, Sri Madhopur 
and Neem Ka Thana. There are Twenty nine tehsils lie in moderate 
category of lateracy rates these tehsils are Barmer, Sardarshahar, Rajgarh, 
Ratangarh, Sujangarh, Anupgarh, Suratgarh, Sangaria, Hanumangarh, 
Pilibanga, Nohar, Pokaran, Jhunjhunu, Khetri, Nowalgarh, Udaipurwati, 
Merta, Ladnun, Didwana, Nawa, Parvatsar, Jaitaran, Raipur, Sojat, 
Marwar Junction, Bali, Fatehpur, Lachchmangarh and Danta Ramgarh. 
Another eighteen unit areas comes under the category of low literacy rate. 
These are Shiv, Baytu, Pachpadra, Bikaner, Tara Nagar, SriDungargarh, 
Gharsana, Rawatsar, Tibi, Bhadra, Jaisalmer, Ahore, Bhinmal, Bilara, 
Jaisalmer, Nagaur, Jayal, Degana and Desuri. The remaining thirteen 
20. Bharara, L.P. Human Resources of Indian Arid zone, Desertification Control in tiie 
Arid Ecosystem of India for sustainable Development Eds Sureiidia Singh & 
Amalkar, Agra. Botanical Publisher Bikaner. 1997. 
2 1 . ibid. p. 114. 
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tehsils of the Indian desert which reported very low literacy rates in the 
study area. These are Chohtan, Gudhamalani, Siwana, Lunkaransar, 
Kolayat, Nokha, Jalore, Sanchor, Raniwara, Phalodi, Shergarh, Osian and 
Bhopalgarh. The perentrage of literacy and the percentage area under each 
category are given in the Table-11. 
As far as urban literacy level is concerned the Karanpur tehsils lies 
in the category of very high literacy rate in urban area also in western 
Rajasthan. Chirawa reported high percentage of literacy in urban area. 
vv'hereas twenty nine tehsils lie in moderate level of literacy in urban area. 
These are Pachpadra, Barmer, Sadulshahar, Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, Ganganagar, Raisinghnagar, Sangaria, 
Hanumangarh, Jaisalmer, Pokaran, Ahore, Jalore, Bhinmal, Jodhpur, 
Jhunjhunu, Khetri, Nawalgarh, Udaipurwati, Nagaur, Merta, Didwana, 
Nawa, Degana, Marwar Junction and Neem Ka Thana. Twenty seven 
tehsils come under the category of low literacy rate. These are Bikaner, 
Taranagar, Sadulshahar, Padampur, Anupgarh, Vijainagar, Suratgarh, 
Pilibanga, Rawatsar, Nohar, Bhadra, Jalore, Bhinmal, Sanchor, Raniwara, 
Phalodi, Osian, Bhopalgarh, Jayal, Parvatsar, Jaitaran, Sojat, Pali, Bali, 
Fatehpur, Lachchmangarh and Sikar. The remaining fifteen tehsils have 
reported very low literacy level in urban area. These are Shiv, Baytu, 
Chohtan, Gudhamalani, Siwana, Lunkaransar, Kolayat, Nokha, Gharsana, 
Shergarh, Bilara, Raipur, Desuri, Danta Ramgarh and Sri Madhopur 
(Appendix-XI). 
The literacy of male population is reported higher as compared to 
female population. There are six districts which have higher literacy rate 
among male population as compared to another districts of the region. 
They are Jhunjhunu with 68.32 per cent followed by Sikar 64.13 per cent, 
Jodhpur 56.74 per cent followed by Sikar 64.13 per cent, Jodhpur 56.74 
per cent. Ganganagar 55.29 per cent, Bikaner 54.63 per cent, Pali 54.42 
per cent, Churu 51.30 per cent, Jaisalmer 44.99 per cent, Jalore 39.97 per 
cent and Bikaner 36.56 per cent. 
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Table-11 : Literacy Rates in Western Rajasthan (1995) 
Intensity 
Veiy High 
High 
Medium 
1 ow 
Veiy Low 
No. of 
Tehsils 
01 
09 
29 
18 
13 
73 
Area in 
Sq. Km. 
8,18 87 
16,923 54 
60,024 61 
77,834 93 
53,149 05 
208,751 
Percentage 
of the total 
area 
0 39 
8 10 
28 75 
37 28 
25 46 
100.00 
Unit Areas 
Karanpur 
Churu, Ganganagar, Sadulshahar, 
Padampur Raisinghnagar, Vijai 
Nagar, Jodhpur, Chirawa, Pah Sikar, 
Sri Madhopur and Neem Ka Thana 
Barmer, Sardarshaher, Rajgarh, 
Ratangarh, Sujangarh, Anupgarh, 
Suratgarh, Sangana, Hanumangarh, 
Pilibanga Nohar, Pokaran, 
Jhunjhunu, Khetri, Nawalgarh, 
Udaipurwati, Merta, Ladnun, 
Didwana, Nawa, Parvatsar, Jaitaran, 
Raipur, Sojat, Marwar Junction, Bah, 
Fatehpur, Lachmangarh and Danta 
Ramgarh 
Shiv, Baytu, Pachpadra, Bikaner, 
Taranagar, Sri Dungargarh, 
Gharsana, Rawatsar, Tibi, Bhadra, 
Jaisalmer, Ahore, Bhinmal, Bilara, 
Nagaur, Jayal, Degana and Desun 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Koloyat, Nokha, Jalore, 
Sanchor, Raniwara, Phalodi, 
Shergarh, osian Bhopalgarh 
Soui ce : District Hand Books, Department of Economics and Statistics, Jaipur, Govt of Rajasthan 
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The highest female literacy rate was recorded in district Bikaner with 
27.03 per cent followed by Ganganagar 26.39 per cent, Jhunjhunu 25.54 
per cent, Jodhpur 22.68 per cent, Sikar 19.88 per cent, Churu 17.32 per 
cent, Pali 16.97 per cent Nagaur 13.24 per cent, Jaisalmer 11.88 per cent, 
Jalore 7.75 per cent and Banner reported lowest literacy rate among 
female that is 7.68 per cent. 
v) Sex Composition 
The sex ratio is an important indicator of population structure. It 
signifies the status of women in the society. It indicates whether woman is 
considered as an asset or otherwise in a social group. The sex ratio in a 
population is normally expressed as the number of females per thousand 
of males. Closer is the number of female to male population better is the 
social equilibrium and women status. The sex-ratio in Rajasthan state has 
been over the decades, adverse to women i.e. the number of women per 
thousand men has generally been much lower. The average sex ratio in 
Rajasthan state is 910 women per 1000 males. 
The sex ratio in arid zone, is found to be 913 per 1000 males which 
is slightly higher than the state average figures. This is partly because the 
male migration level is very high in Rajasthan. 
The sex ratio in arid zone varies from district to district. The 
maximum number of females are reported in Churu, 973 followed by Pali, 
956 Sikar, 946 Jalore 944, Nagaur 942, and Jhunjhunu 931, whereas 
western districts of arid zone reported very low sex ratio i.e. Barmer 891 
followed by Jodhpur 891, Bikaner 885, Ganganagar 877 and Jaisalmer 807 
(Appendix-XI). The western arid districts have high female infant 
mortality rates as well as high female mortality during Births due to 
isolation and lack of infrastructural facilities. 
After the analysis of the year 1995 for the seventy three units of the 
study area it has been found that only Jaisalmer district comes under the 
category of very low sex ratio in the region and eleven tehsils of the 
region fall under the category of low sex ratio these are Shiv, Barmer, 
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Siwana, Lunkaransar, Nokha, Ganganagar, Sadulshahar, Anupgarh, 
Suratgarh, Pokaran and Jodhpur. Another twenty four units of the study 
area are having medium sex composition. These are Baytu, Chohtan, 
Gudhamalani, Bikaner, Kolayat, Karanpur, Padampur, Raisinghnagar, 
Gharsana, Vijainagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Phalodi, Shergarh, Chirawa, Khetri, Pali and Neem Ka 
Thana. There are twenty seven tehsils which reported high sex 
composition these are Sardarshahar, Taranagar, Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, Jalore, Sanchor, Bhinmal, Raniwara, 
Osian, Bhopalgarh, Bilara, Jhunjhunu, Nawaigarh, Nagaur, Merta, Jayal, 
Nawa, Parvatsar, Degana, Jaitaran, Sikar, Danta Ramgarh and Sri 
Madhopur and Udaipurwati. The remaining ten tehsils reported very high 
sex composition in the Indian desert these are Ahore, Ladnun, Didwana, 
Raipur, Sojat, Marwar Junction, Bali, Desuri, Fatehpur and 
Lachchmangarh. 
This low sex composition in the study area indicate the region is 
economically under developed because most of the male population 
emigrate to the more advanced urbanised areas and hence the ratio-
decreases. The western part of Indian desert are having low sex 
composition as compared to the eastern part of the study area. 
vi) Rural-Urban Composition 
Rural and urban population is an important indicator of man-
environment relationship. It shows a peculiar feature with respect to 
population density, degree of ethnic and cultural homogeneity and 
occupational and social stability. Nature of social group is totally different 
in the rural and urban areas of the study region. 
According to data of 1991 Rajasthan state has registered about 77.12 
per cent of total population to live in the villages, whereas urban areas 
contain 22.88 per cent of total population of the state. 
Western Rajasthan is predominantly rural in its dwelling. According 
to 1991, Barmer recorded 89.96 per cent of its population as rural 
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followed by Jaisalmer 84.44 per cent, Nagaur 84.02 per cent, Sikar 79.97 
per cent, Jhunjhunu 79.95 per cent, Ganganagar 79.95, Pali 79.25 per 
cent, Churu 71.10 per cent, .lodhpur 64.50 per cent and Bikaner 60.27 per 
cent (Appendix-XI). 
The growing urban population in the Indian desert in the result of 
wide opportunity of jobs and amenties. There is an occurrence of rapid 
migration from rural to urban areas. As census of 1991 reveals that the 
highest urban population in the Indian desert recorded in Bikaner 39.73 
per cent followed by Jodhpur 35.50 per cent, Churu 28.90 per cent, Pali 
21.75 per cent, Ganganagar 21.05 per cent, Sikar 21.03 per cent and 
Jhunjhunu 20.54 per cent, Nagaur 15.98 per cent, Jaisalmer 15.56 per cent 
and Barmer is lowest one i.e. 10.04 per cent of total population. The 
lowest urban percentages indicate that region is highly under-developed, 
there is scarcity of job, lack of infrastructural facilities and resources. 
Out of the seventy three tehsils of the western Rajasthan, there are 
three tehsils reported very high rural population these are Khetri, Nagaur 
and Sri Madhopur whereas thirteen tehsils of the study area reported high 
percentage of rural population. These tehsils are Chohtan, Bhinmal, 
Sanchor, Phalodi, Osian, Jodhpur, Jhunjhunu, Parvatsar, Bali, Sikar, Danta 
Ramgarh, Neem Ka Thana and Chirawa. There are fourteen other unit 
areas lie in medium category of percentage of rural population, These are 
Barmer, Gudhamalani, Siwana, Bikaner, Nokha, Rajgarh, Hanumangarh, 
.lalore, Shergarh, Bhopalgarh, Merta, Didwana, Nawa and Degana. There 
are sixteen tehsils fall under the category of low rural population areas are 
Pachpadra, Lunkaransar, Sardarshahar, Sujangarh, Ganganagar, Suratgarh, 
Nohar, Bhadra, Jaisalmer, Ahore, Nawalgarh, Udaipurwati, Jayal, Pali, 
Marwar Junction and Desuri. Whereas twenty six units of the study area 
come under the category of very low percentage of rural population. These 
are Shiv, Baytu, Kolayat, Taranagar, Churu, Ratangarh, Karanpur, 
Sadulshahar, Padampur, Raisingnagar, Anupgarh, Gharsana, Vijainagar, 
Sangaria, Pilibanga, Rawatsar, Tibi, Pokaran, Raniwara, Bilara, Ladnun, 
Jaitaran, Raipur and Lachchmangarh. 
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On the otherhand, there are only two tehsils reported very high 
percentage of urban population. These are Jodhpur and Bilara, whereas, 
Bikaner and Bhopalgarh reported high percentage of urban population 
only Osian tehsil lie in moderate category. Another, seven tehsils reported 
low percentage of urban population. These are Nokha, Kolayat, 
Ganganagar, Sojat, Pali, Sikar and Danta Ramgarh. The remaining fifty 
nine unit areas reported very low percentage of urban population. These 
are Baytu, Barmer, Chohtan, Shiv, Gudhamalani, Siwana, Sardarshahar, 
Taranagar, Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, 
Karanpur, Sadulshahar, Padampur, Raisinghnagar, Sangaria, 
Hanumangarh, Pilibanga, Rawatsar, Tibi, Nohar, Bhadra, Jaisalmer, 
Pokaran, Ahore, Jalor, Bhinmal, Sanchor, Raniwara, Phalodi, Shergarh, 
Jhunjhunu, Chirawa, Khetri, Nawalgarh, Udaipurwati, Nagaur, Merta, 
.layal, Ladnun, Didwana, Nawa, Parvatsar, Degana, Jaitaran, Raipur, 
Marwar Junction, Bali, Desuri, Fatehpur, Lachchmangarh, Sri Madhopur 
and Neem Ka Thana. 
vii) Occupational Structure 
Occupational stucture is an important tool to measure the economic 
sustainability of the region. The occupation in the region have been 
divided into three groups Primary, which employ about 69.9 per cent of 
total working population in the Indian arid zone which indicates that the 
region's economy is rural oriented and deals with agriculture and 
postoralism etc. 
The workers engaged in primary sector are in different occupations 
such as cultivators, agricultural labourers and livestock reares. The 
variation in percentage of population which are involved in primary sector 
is dependent upon availability of water resources irrigational facilities and 
other related factors. 
Pastoralism is the main activity in places where the land is not 
available for farming and water scaricity prevails in the region. The higher 
percentage of population shows the backwardness of a region and is an 
indicator of under developed economy. 
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District Barmer lias registered very high proportion of population i.e. 
84,15 per cent in primary activity. Nagaur and Churu come under high 
category reported 77.59 per cent and 76.95 per cent. Two districts of 
western Rajasthan lie in moderate category which are Ganganagar 72.27 
and Pali 71.07 per cent. The remaining five districts falls under the 
category of very low proportion of population in primary sector. These are 
.Ihunjhunu 65.02 per cent followed by Sikar 63.37 per cent, Bikaner 63.35 
per cent, Jaisalmer 62.74 per cent and Jodhpur 61.0 per cent. 
Cultivators 
The proportion of population engaged in cultivation has been 
analysed. There are seventy three tehsils in western Rajasthan, Out of 
seventy three tehsils, only Nagaur reported very high population of 
cultivators. Five other tehsils reported high number of cultivators. These 
tehsils are Gudhamalani, Bikaner, Sanchor, Jodhpur and Parvatsar. There 
are twenty one tehsils in western Rajasthan reported moderate population 
o[ cultivators these are Pachpadra, Barmer, Chohtan, Nokha, Rajgarh, 
Sujangarh, Bhadra, Bhinmal, Phalodi, Shergarh, Osian, Bhopalgarh, 
Jhunjhunu, Chirawa, Khetri, Merta, Jayai, Didwana, Degana, Sikar and Sri 
Madhopur. Twenty five tehsils fall under the category of low population 
of cultivators. These are Shiv, Baytu, Siwana, Lunkaransar, Sardarshahar, 
Taranagar, Churu, Sri Dungargarh, Ratangarh, Suratgarh, Hanumangarh, 
Rawatsar, Nohar, Ahore, Bali, Desuri, Fetehpur, Lachchmangarh, Danta 
Ramgarh and Neem Ka Thana. The remaining twenty one tehsils having 
very low size of cultivators. These are Kolayat, Ganganagar Karanpur, 
Sadulshahar, Padampur, Raisinghnagar, Anupgarh, Gharsana, Vijainagar, 
Sangaria, Pilibanga, Tibi, Jaisalmer, Pokaran, Raniwara, Nawalgarh, 
Udaipurwati, Raipur, Sojat, Pali and Marwar Junction. 
Agricultural Labourers 
The data of the year 1995 shows that there are four tehsils of the 
study area reported very high population of agricultural labourers. These 
are Ganganagar, Hanumangarh, Jolare and Bali. Whereas Tibi, Ahore, 
Merta and Desuri reported high population of Agricultural labourers. 
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Another twelve tehsils of Indian desert lie in moderate category. Tiiese are 
Bikaner, Padampur, Raisinghnagar, Pilibanga, Bhinmal, Jodhpur, Bilara, 
Jhunjhunu, Parvatsar, Jaitaran, Sojat and Marwar Junction. Similarly, 
thirty tehsils fall under the category of low population of agricultural 
labourer. These are Siwana, Sujangarh, Sadulshahar, Anupgarh, Gharsana, 
Vijainagar, Suratgarh, Sangaria, Rawatsar, Jaisalmer, Pokaran, Sanchor, 
Raniwara, Phalodi, Shergarh, Osian, Bhopalgarh, Chirawa, Khetri, 
Nawaigarh, Udaipurwati, Nagaur, Nawa, Degana, Raipur, Pali, Sikar, 
Dantaramgarh, Sri Madhopur and Neem Ka Thana. Similarly, twenty three 
tehsils reported very low population of agricultural labourers. These are 
Shiv, Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, Lunkarnsar, 
Kolayat, Nokha, Sardarshahar, Taranagar, Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, Karanpur, Nohar, Bhadra, Jayal, Ladnun, 
Didwana, Fatehpur and Lachchmangarh. 
The proportion of the population which are involved in mining, 
quarrying, manufacturing, processing, servicing, repairing in household, 
industry, otherthan household and construction in secondary occupation. 
The six districts of western Rajasthan registered very high proportion of 
population which are involved in this sector. These are Jodhpur 13.38 per 
cent followed by Bikaner 13.23 per cent, Pali 13.07 per cent, Sikar 12.98 
per cent, Jaisalmer 12.70 per cent and Jhunjhunu 12.61 per cent. Only two 
districts lie under low category i.e. Nagaur 8.84 per cent and Ganganagar 
7.74 per cent, whereas Churu and Barmer reported very low proportion of 
population i.e. 6.62 per cent and 5.94 per cent. 
The proportion of population in tertiary sector reported very high, 
only on those places where all the infrastructural facilities are available 
and having good administrative set up. There are only three districts in 
western Rajasthan reported very high proportion of population in tertiary 
sector. These are Bikaner 12.06 per cent, Jodhpur 10.87 per cent and Sikar 
10.86 per cent. Ganganagar reported 9.87 per cent. Three districts come 
under moderate category. These are Churu 8.67 per cent, Pali 8.54 per 
cent and Jhunjhunu 7.91 per cent. The remaining three districts of western 
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Rajasthan are reported very low proportion of population in tertiary 
sector. These are Jaisalmer 7.01 per cent, Nagaur 6.82 per cent and 
Barmer 4.84 per cent (Appendix-XII). 
viii) Work Participation 
Work may be defined as participation in any economically productive 
activity. Such participation may be physical or mental in nature, work 
involves not only actual work but also effective supervision and direction 
of work. 
According to census of India classification, the worker's fall into 
following groups (1) Main workers (2) Marginal workers and (3) Non-
workers. 
Main Workers 
The activity of main workers is classified into following categories 
(1) Cultivators (2) Agricultural labourer (3) Livestock forestry, fishing 
hunting and plantation, orchards and allied activities, (4) Mining and 
quarrying (5) Manufacturing processing, servicing and repairs (5.a) House 
hold industry (5.b) other than house hold Industry (6) Construction (7) 
Trade and commerce (8) Transport, storage and communication (9) Other 
services. 
Marginal Workers 
Marginal workers are those who have worked any time in the year 
proceeding the enumeration but have not worked for major part of the 
year. In other words those who have worked for a major part of that year 
i.e. for 183 days or more are categorised as main workers. Thus, other 
worker's can be either main workers or marginal workers. 
Non Workers 
To distinguish between other workers and non-workers a reference to 
the definition of work would be relevant while the other workers 
participated in an economically productive activity and thus did work, a 
non-workers has never worked in connection with an economically 
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productive activity any time at all in the year preceeding the enumeration. 
No workers can belong to one of the following of seven categories (1) 
House hold duties (2) Students (3) Dependents (4) Retired Person (5) 
Beggars (6) Others. The working population of a region involves in the 
production of economic goods and services. 
According to data of 1995, there are eight tehsils reported very high 
percentage of population as Main workers. These are Baytu, Chohtan. 
Gudhamalani, Sri Dungargarh, Ahore, Merta, .layal and Degana. Anolhcr 
eight reported high percentage of population in this category. These are 
Shiv, Lunkaransar, Bhopalgarh, Bilara, Ladnun, Jaitaran, Raipur and 
Sojat. Whereas twenty seven tehsils of western Rajasthan lie in, moderate, 
percetnage of population as main workers. These are Pachpadra, Banner, 
Siwana, Bikaner, Kolayat, Rajgarh, S'ujangarh, Ganganagar, Karanpur, 
Sadulshahar, Vijainagar, Suratgarh, Bhadra, Jaisalmer, Jalore, Bhinmal, 
Sanchor, Shergarh, Osian, Nagaur, Didwana, Nawa, Parvatsar and Desuri. 
There are eighteen tehsils of Indian desert registered low percentage of 
population as 'Main worker'. These are Nokha, Sardarshahar, Taranagar, 
Ratangarh, Padampur, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Nohar, Pokaran, Phalodi, Jodhpur, Pali, Marwar .Junction, Bali and 
Fatehpur. The remaning twelve tehsils come in very low percentage of 
population. These are Churu, Raniwara, Jhunjhunu, Chirawa, Khetri, 
Nawalgarh, Udaipurwati, Lachmangarh, Sikar, Danta Ramgarh, Sri 
Madhopur and Neem Ka Thana (Appendix-XII). 
The low percentage of work participation leads higher dependency 
over the region. There are various factors which are responsible for this 
low rate of work participation e.g. lack of female participation due to 
social restriction, high number of population between 0-19 years of age 
groups, illiteracy, low economic development policy etc. It has been 
marked that work participation among female is high in urban areas as 
compared to rural area of the region. 
The available data of marginal workers in seventy three units of the 
Indian desert shows a high variation over the region. The Raniwara tehsil 
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registered very high percentage of marginal workers. There are seven 
tehsils in the study area reported moderate percentage of marginal 
Taranagar, Karanpur, Nohar, Ahore and Fatehpur. Another thirty nine unit 
areas reported low percentage of marginal workers. These are Shiv, 
Pachpadra, Barmer, Chohtan, Siwana, Lunkaransar, Kolayat, Nokha, 
Sardarshahar, Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, 
Raisingh Nagar, Anupgarh, Rawatsar, Tibi, Bhadra, Pokaran, .lolore, 
Bhinmal, Sanchor, Phalodi, Shergarh, Bhopalgarh, Bilara, Jhunjhunu, 
Nagaur, Ladnun, Parvatsar, Degana, Jaitaran, Sojat, Marwar Junction and 
Lachchmangarh. There are twenty five units of Indian deserts come under 
the category of very low per cent of population as 'Marginal workers' 
these are Bikaner, Ganganagar, Sadulshahar, Padampur, Gharsana. 
Vijainagar, Suratgarh, Sangaria, Hanumangarh, Pilibanga, Jaisalmer, 
Osian, Jodhpur, Nawalgarh, Merta, Jayal, Didwana, Nawa, Raipur, Pali, 
Bali, Desuri, Sikar, Danta Ramgarh and Neem ka Thana. These variation 
are showing the dependency ratio at varying degree in the study area. 
Similarly, in the category of Non workers there are three tehsils 
reported very high percentage of non workers these are Nawalgarh, 
DantaRamgarh and Neem Ka Thana. Another twenty two tehsils reported 
high percentage of Non workers. These are Sardarshahar, Churu, 
Ratangarh, GangaNagar, Padampus, Gharsana, VijaiNagar, Suratgarh, 
Sangaria, Hanumangarh, Jaisalmer, Jodhpur, Jhujhunu, Chirawa, Khetri, 
Udaipurwati, Pali, Bali, Desuri, Lachchmangarh, Sikar and Sri Madhopur 
whereas thiry two unit areas lie in moderate category. These are Shiv, 
Pachpadra, Siwana, Lunkaransar, Kolayat, Nokha, Sri Dungargarh, 
Sujangarh, Sadulshahar, Anupgarh, Parvatsar, Tibi, Nohor, Bhadra, 
Pokaran, Jalore, Bhadra, Pokaran, Jalore, Bhinmal, Sanchor, Phalodi, 
Shergarh, Osian, Bilara, Nagaur, Ladnun, Didwana, Nawa, Parvatsar, 
Jaitaran, Raipur, Sojat, Marwar Junction and Fatehpur. Another ten tehsils 
reported low percent of populattion as 'Non-workers. These are Chohtan, 
Gudhamalani, Talanagar, Rajgarh, Karanpur, Raisinghnagar, Bhopalgarh, 
Merta, Jayal and Degana. 
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The remaining five tehsils registered very low percentage of 
population of 'Non workers'. These are Baytu, Banner, Bikaner, Ahore 
and Raniwara. (Appendix-XI). 
Chapter - 6 
LAND USE SCENARIO 
i) Net Sown Area 
ii) Area Sown more than once 
iii) Dryland Farming Area 
iv) Fallow Lands 
v) Culturable waste Lands 
vi) Rainfed and Irrigated Lands 
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Land Use Scenario 
The land use capability classification forms an important criteria for 
assessing the resource potential of the area. The limitations, which 
primarily determine the land use capability classes in the arid zone arc the 
arid climate, the coarse sandy texture of soil with very low water retention 
capacity, proneness to severe wind erosion, thin effective soil depth and a 
high salinity hazard. The diverse problems imposed by aridity and the 
excessive biotic interferences in this region have often been highlighted 
as thwarting any development measures in the region. Land use survey 
and mapping results reveal agriculture as dominant land use constituting 
about 62.94 per cent of the total 2,08,751 square kilometres geographical 
area of Western Rajasthan. Wastelands of various categories constitute 
28.15 per cent, permanent pastures 4.56 per cent, forest 1.32 per cent, 
settlement and water bodies 2.85 per cent, mining 0.2 per cent. The 
western part of the region below 200 mm. rainfall is dominated by sandy 
water and grazing/grass lands, 200-300 mm. rainfall zone with rainfed 
cropping, while irrigated farming is mainly concentrated in the eastern 
part of the region having more than 300 mm. of rainfall. 
The landuse data of 1995 reveals the respective percentage of 
Netsown Area, Fallow lands, culturable waste lands, Rainfed and Irrigated 
lands and Grazing lands. Beside this, other category like forest and grass 
cover and barren and uncultivated lands have been analysed in previous 
Chapter-V. It has been considered in the category of land cover. 
The indicators of land use/cover have been taken to show the total 
percentage of land of the region distributed on different category, which 
indicates that land in this region is, by and large, unsuitable for crop 
culture. More than half of the land is accounted for current fallow, old 
fallow, culturable wastes and uncultivable barren lands by taking these 
indicators attempt has been made to measure the health of the soil 
environment. Tehsil-wise breakup of the land use figures reveals the 
regional disparties and vulnerabilities within the desert. 
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i) Net Sown Area 
This indicator has been taken to evaluate the availability of land for 
cultivation. The maximum area under this category indicates good 
textured soil, better irrigation facilities and better infrastructural facilities. 
The pattern and the intensity of the land utilization is influenced by 
physical and cultural factors which have played their significant role in 
distribution of land in the region. The distribution of cultivated land 
therefore, is highly variable in all the districts. The reasons for the low 
hectarage are severe sand dunes, barren and uncultivated land, and 
infertile soils. 
The data of Net Sown Area during 1981-1995 reveals that there are 
sixty one tehsils in western Rajasthan reported increase in the Net Sown 
Area. The remaining twelve tehsils are showing a decrease in hectarage of 
Net Sown Area (Table-12). 
The Bikaner tehsil registered +79,267 hectares increased area under 
the category of very high positive growth of Netsown Area during the 
year of 1981-1995. The Bikaner tehsil reported 7.78 per cent of total 
increased area in the Indian Desert. Whereas the western Rajasthan 
reported an increased area of+10,18,474 hectares. It is only due to an 
improvement in irrigational facilities. Barmer and Kolayat reported 
+ 104,220 hectares of land under Net Sown area i.e. 10.23 per cent of total 
increased area. These tehsils come under the high category of positive 
growth. Another seven tehsils lie in moderate category of increased area 
in Netsown area. These tehsils are Shiv, Nokha, Sri Dungargarh. 
Anupgarh, Jaisalmer, Phalodi and Bilara. These unit areas reported an 
increase of +2,73,034 hectares of land i.e. 26.80 per cent of the total 
positive growth of Net Sown Area. Another thirteen tehsils reported an 
increase of+2,48,646 hectares i.e. 24.41 per cent of the total increased 
area. These tehsils are Baytu, Lunkaransar, Sardarshahar, Sujangarh, 
Raisingh Nagar, Hanumangarh, Ahore, Jalore, Bhopalgarh, Nagaur, Merta, 
Sajat and Marwar Junction. These unit areas come in low category of 
positive growth of Net Sown Area., There are thirty eight tehsils of Indian 
191 
Table-12 : Hectarage Change in iNet Sown Area (1981-1995) 
Intensity 
Positive 
Grow til 
Very High 
High 
Medium 
Low 
Very Low 
Negative 
Growth 
Very High 
High 
No. of 
Tehsils 
01 
02 
07 
13 
38 
60 
13 
Area in 
Sq. Km. 
(+)79,267 
(+) 1,04,220 
(+)273034 
(+)2,48646 
(+)3,13,307 
(+)10,18,474 
1,76,059 
54,035 
(-)2,30,094 
+7,88,380 
Percentage 
of the total 
area 
7.78 
10.23 
26.80 
24.41 
30.76 
100.00 
17.28 
5.30 
22.59 
(+)77.40 
Unit Areas 
Bikaner 
Banner, Kolayat 
Shiv, Nokha, Sri Dungargarh, 
Anupgarh, Jaisalmer, Phalodi and 
Bilara. 
Baytu, Lunkaransar, Sardarshahar, 
Sujangarh, Raisingh Nagar, 
Hanuinangarh, Ahore, Jalore, 
Bhopaigarh, Nagaur, Merta, Sojat, 
and Marwar Junction. 
Pachpadra, Chohtan, Gudhamaiani, 
Siwana, Churu, Ratangarh, 
Sadulshahar, Padampur, Gharsana, 
Vijai Nagar, Sangaria, Pilibanga, 
Rawatsar, Tibi, Nohar, Bhadra 
Pokaran, Sanchor, Raniwara, 
Jodhpur, Jhunjhunu, Chirawa, 
Nawalgarh, Udaipurwati, Jayal, 
Didwana, Nawa, Parvatsar, Degana, 
Jaitaran, Raipur, Desun, Fatehpur, 
Lachchmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur and Neem 
Ka Thana. 
Tara Nagar, Rajgarh, Ganga 
Nagar, Karanpur, Suratgarh 
Bhinmai, Shergarh, Khetri, 
Didwana, Pali and Bali 
Source : District Hand Books, Department of Economics and Statistics, Jaipur, Govt, of Rajasthan. 
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desert are reported very low increase of hectarage in Net Sown Area. 
These tehsiis are reported +3,13,307 hectares of land i.e. 30.76 per cent 
of total increased area. These unit area are Pachpadra, Chohtan, 
Cjundhmalani, Siwana, Churu, Ratangarh, Sardarshahar, Padampur, 
Gharsana, Vijai Nagar, Sangaria, Pilibanga, Rawatsar, Tibi, Nohar, 
Bhadra, Pokaran, Sanchor, Raniwara, Jodhpur, Jhunjhunu, Chirawa, 
Nawalgarh, Udaipurwati, Jaitaran, Raipur. Desuri, Fatehpur, 
Lachchmangarh, Sikar, Danta Ramgarh, and Neem Ka Thana. 
Similarly, there are eleven unit areas in western Rajsthan are showing 
decrease in the hectarage of Net Sown Area. These unit areas are Tara 
Nagar, Rajgarh, Ganga Nagar, Karanpur, Suratgarh, Bhinmal, Shergarh, 
Khetri, Didwana, Pali and Bali. There is a decrease of -2,30,094 hectares 
of land i.e. 22.59 per cent of total positive growth of Net Sown Area. The 
decreased are under Net Sown Area could be attributed to the widespread 
waterlogging in Tara Nagar, Rajgarh, Ganga Nagar, Karanpur and 
Suratgarh. The decrease in hectarage of Net Sown Area in Bhinmal, 
Shergarh, Khetri, Pidwana, Pali and Bali is due to marginalisation. The 
Rajgarh, Ganganagar, Karanpur, Bhinmal, Shergarh, Khetri, Didwana 
reported high decrease in hectarage of Netsown Area whereas Tara Nagar, 
Suratgarh, Pali and Bali registered very high decreased area in Net sown 
Area. 
ii) Area Sown More Than Once 
Area sown more than once and total cropped area includes the land 
where irrigational facilities as well as other factors are favourable like the 
use of fertilizers and improved agricultural implements and cultural and 
technological development have been made. 
It have been observed that in double cropped irrigated areas, human 
control is of higher order, the areas are scarcely left unattended to the 
vagaries of nature. Therefore, the vulnerability to desertification would be 
marginal in such areas. In double cropped areas the size of land holdings. 
Very little land is left unattended or fallow. Thus, the land is more actively 
under human control. This situation makes the land scarcely liable to 
desertification. 
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The data of Area Sown more than once during the year 1981-1995 
have been analysed (Table-13). In the entire study area there is an increase 
of+3,62,796 hectares of land under the category of Area Sown more than 
once. Nagaur tehsil of the district Nagaur reported +27,488 hectares of 
land i.e. 7.57 per cent of total increased area. This tehsils registered very 
high increase of hectarage under area sown more than once. Whereas, 
Bikaner, Ganganagar and Hanumangarh tehsils of the study area registered 
under high category of positive growlh in Area sown more than once. 
These unit areas are reported +55,592 hectares of land i.e. 15.32 per cent 
of total increased area. Another four tehsils of the study area reported 
+48,353 hectares of land i.e. 13.32 per cent of total increased area. These 
unit areas are Shiv, Lunkaransar, Raisingh Nagar and Bhopalgarh. These 
areas lie in moderate category. Similarly, there are eighteen tehsils of 
Western Rajasthan registered a positive growth of +1,50,711 hectares of 
land i.e. 41.54 per cent of total increased area . These tehsils come in low 
category of hectarage change under Area Sown more than once. These are 
Chohtan, Gudhamalani, Siwana, Kolayat, Karanpur, Sadulshahar, 
Padampur, Tibi, Ahore, Jalore, Sanchor, Nawa, Marwar .lunction, Desuri, 
Sikar, Danta Ramgarh, Sri Madhopur and Neem Ka Thana. 
There are thirty five unit areas reported +80,652 hectares of land i.e. 
22.23 per cent of total positive growth under the category of Area Sown 
More than once. These unit areas lie in very low category of positive 
growth. These tehsils are Baytu, Pachpadra, Barmer, Nokha, Sardarshahar, 
Tara Nagar, Rajgarh, Sri Dungargarh, Ratangarh, Sujangarh, Sangaria, 
Pilibanga, Rawatsar, Jaisalmer, Pokaran, Bhinmal, Raniwara, Phalodi, 
Shergarh, Osian, Jodhpur, Bilara, Jhunjhunu, Chirawa, Khetri, Nawalgarh, 
Udaipurwati, Didwana, Parvatsar, Degana, Jaitaran, Pali, Bali, Fatehpur 
and Lachchamangarh. 
Similarly, there are eleven tehsils of the study area reported a 
decrease of-1,68,118 hectares of land under Area Sown more than once. 
Nohar and Bhadra tehsils of the western Rajasthan reported a decrease of 
-55.682 hectares whereas another nine tehsils reported a decrease of -
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Table-13 : Western Rajasthan : Hectarage Change in Area Sown 
More Than Once (1981-1995) 
Intensity 
Veiy High 
High 
Medium 
Low 
Very Low 
Very High 
High 
No. of 
Tehsils 
01 
03 
04 
18 
35 
61 
02 
09 
72 
Area in 
Sq. Km. 
+27,488 
+55,592 
+48,353 
+ 1,50,711 
+80,652 
+3,62,796 
-55,682 
-12,436 
-68,118 
(+)2,94678 
Percentage 
of the total 
area 
(+)7 57 
(+)15 32 
(+)13 32 
(+)41 54 
(+)22 30 
100.00 
15 34 
3 42 
(-)18 775 
+81.22 
Unit Areas 
Nagaur 
Bikaner, Ganga Nagar and 
Hanumangarh 
Shiv, Lunkaransar, Raisingh Nagar 
and Bhopalgarh 
Chohtan, Gudhamalani, Siwana, 
Koiayat, Karanpur, Sadulshahar, 
Padampur, Tibi, Ahore, Jalore, 
Sancnor, Nawa, Marwar Junction, 
Desuri, Sikar, Danta Ramgarh, Sn 
madhopur and Neem Ka Thana 
Baytu, Pachpadra, Barmer, Nokha, 
Sardarshahar, Tara Nagar, Rajgarh, 
Sn Dungargarh, Ratangarh, 
Sujangarh, Sangana, Pilibanga, 
Rawatsar, Jaisalmer, Pokaran, 
Bhinmal, Raniwara, Phalodi, 
Shergarh, Osian, Jodhpur, Bilara, 
Jhunjhunu, Chirawa, Khetri, 
Nawalgarh, Udaipurwati, Didwana, 
Parvatsar, Degana, Jaitaran, Pali, 
Ball, Fatehpur and Lachmangarh 
Nohai and Bhadra 
Anupgarh, Gharsana, Vijainagar 
Suratgarh, Merta, Jayal, Ladnun, 
Raipur and Sojat 
Source : District Hand Books, Department of Economics and Statistics, Jaipur, Govt of Rajasthan 
195 
12,436 hectares of land. These unit areas are Anupgarh, Gharsana, Vijai 
Nagar, Suratgarh, Merta, Jayal, Ladnun, Raipur and Sojat. 
iii) Dry Land Farming Area 
Dry Land Farming Area includes an increase or decrease of hectarage 
of Net Sown Area (minus) increase or decrease of hectarage of land under 
Area Sown more than once. 
In the dryland farming areas there is monoculture, human control is 
less, desertification vulnerability is more. Single cropped areas are left 
unattended to the vagaries of nature for a longer period of time. In Dry 
farming areas the size of land holdings are bigger than the operational 
land holdings. In the large size of land holdings, the land would be 
frequently be left unattended, uncropped or fallow. This situation would 
again render the land more vulnerable to desertification. 
After the analysis of the data. It has been observed that there is a 
positive growth of +8,88,517 hectares of land under dry farming 
(Table-14). Tara Nagar tehsil of district Churu registered an increase of 
+86,233 hectares of land i.e. 9.70 per cent of total increased area. This 
tehsil comes under very high category of positive gorwth in dryland 
farming area. Banner, Bikaner and Rajgarh tehsils reported an increase of 
+ 1,71,718 hectares of land farming area. Six another tehsils lie in 
moderate category of positive growth. These tehsils are Kolayat, Nokha, 
Sri Dungargarh, Anupgarh, Phalodi and Bilara. These are reported 
+2,70,009 hectares of land i.e. 30.38 per cent of total increased area. 
There are seven tehsils come in low category of increased area in dryland 
farming. These tehsils are Shiv, Sardarshahar, Sujangarh, Jaisalmer, 
Nawalgarh, Merta and Sojat. These are reported a positive growth of 
+ 1,74,071 hectares i.e. 19.59 per cent of total increased area. Another 
twenty nine tehsils fall in the category of very low positive growth of 
hectarage in dryland farming area. These areas reported +186,486 i.e. 
20.98 per cent of total increased area. These unit areas are Baytu, 
Pachpadra, Chohtan, Lunkaransar, Churu, Ratangarh, Raisinghnagar, 
Gharsana, VijaiNagar, Pilibanga, Rawatsar, Pokaran, Ahore, Jalore, 
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Table-14 : Western Rajasthan : Dryland Farming Area (1981-1995) 
Intensity 
Positive 
Growth 
Veiy high 
High 
Medium 
Low 
Very Low 
Negative 
Growth 
Very High 
High 
DFA 
No. of 
Tehsils 
01 
03 
06 
07 
29 
04 
22 
Area in 
Sq. Km. 
+86,233 
+ 1,71,718 
+2,70,009 
+ 1,74,071 
+ 1,86,486 
(+) 8,88,517 
-1,41,186 
-2,60,855 
-4,02,041 
+4,86,776 
Percentage 
of the total 
area 
9 70 
19 32 
30 38 
19 39 
20 98 
-15 89 
-29 358 
Unit Areas 
TaraNagar 
Barmer, Bikaner and Rajgarh 
Kolayat, Nokha, Sri Dungargarh, 
Anupgarh, Phalodi and Bilara 
Shiv, Sardarshahar, Sujangarh, 
Jaisalmer, Nawalgarh, Merta and 
Sojat 
Baytu, Pachpadra, Chohtan, 
Lunkaransar, Churu, Ratangarh, 
RaisinghNagar, Gharsana, 
Vijainagar, Piiibanga, Rawatsar, 
Pokaran, Ahore, Jolore, Bhopalgarh, 
Jodhpur, Jhunjhunu, Nagaur, Jayal, 
Ladnun, Nawa, Parvatsar, Degana, 
Raipur, DantaRamgarh, Fatehpur, 
Sangaria and Hanumangarh 
Bhinmal, Pali, Bali and Suratgarh 
Gudhamalani, Siwana, Ganganagar, 
Karanpur, Sadulshahar, Suratgarh 
Tibi, Nohar, Bhadra, Sanchor, 
Raniwara, Shergarh, osian, Chirawa, 
Khetri, Didwana, Marwar Junction, 
Desun, Lachchmangarh, Sikar, Sri 
Madhopur and Neem ka Thana 
Source : District Handbooks, Department of Economics and Statistics, Jaipur, Government of 
Rajasthan 
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Bhopalgarh, Jodhpur, Jhunjhunu, Nagaur, Jalor, Bhopalgarh, Jodhpur, 
Jhunjhunu, Nagaur, Jayal, Ladnun, Nawa, Parvatsar, Degana, Raipur, 
Danta Ramgarh, Fatehpur, Sangaria and Hanumangarh. 
Similarly, twenty six unit areas of the western Rajasthan reported a 
decrease of (-) 4,02,041 hectares of land under dry land farming area. 
Bhinmal, Pali, Bali and Suratgarh reported a decrease of - 1,41,186 
hectares i.e. 15.89 per cent of total increased area. These unit area come 
in very high category of negative growth of dry land farming area. The 
remaining twenty unit areas fall in high category of decreased area. These 
tehsils are reported a decrease of 2, 60,855 hectares of land i.e. 29.35 per 
cent of total increased area. These unit areas are Gudhamalani, Siwana, 
Ganganagar, Karanpur, Sadulshahar, Suratgarh, I'ibi, Nohar, Bhadra, 
Sanchor, Raniwara, Shergarh, Osian, Chirawa, Khetri, Didwana, Marwar 
.Junction, Desuri, Lachchmangarh, Sikar, Sri Madhopur and Neem ka 
Thana. 
iv) Fallow Lands 
Land put under the fallow category in the arid region is an effective 
measure of land management. During the fallowing period the cultivated 
and arable land is left uncultivted for recoupment of the lost of 
productivity of the land. But sometimes due to adverse conditions the land 
has to be left uncultivated particularly in the areas where rainfall is erratic 
and uncertain. 
The practice of fallowing in the arid land is largely associated with 
the rainfull uncertainity and the dry farming practices. The negative 
growth in the fallow land is a some sign of marginalisation and land 
degrodation. This is a useful measure of the extent of desertification. An 
element of margianatisotion and consequent land degradation could be 
observed through a change in the areal extent of the fallow land. 
The data of 1981-1995 have been analysed. The fallow land growth 
in the study area is negative upto an extent of nearly - 7,58,009 hectares 
(Table-15). There is only Barmer tehsil of the district Barmer reported a 
decrease of -1,94,592 hectares of fallow land i.e. 17.89 per cent of total 
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Table-15 : Hectarage Change in Fallow Lands (1981-1995) 
Intensity 
Positive 
Giowtli 
Vci) High 
High 
Medium 
Low 
Very Low 
Nagative 
Growth 
Vei7 High 
Medium 
Low 
No. of 
Tchsils 
01 
Nil 
Nil 
06 
44 
51 
01 
Nil 
21 
73 
Area in 
Sq. Km. 
1,94,592 
-
-
-3,58,005 
5,34,602 
(-) 10,87,199 
+169135 
-
+ 1,60,055 
+329190 
-758009 
Percentage 
of the total 
area 
17 89 
-
-
32 92 
49 172 
100.00 
1555 
-
14 72 
+30.27 
Unit Areas 
Banner 
Anupgarh, Gharsana, Suratgarh, 
Bhinmal, Bilara and Pah 
Baytu, Pachpadra, Chohtan, 
Gudhamalani, Kolayat, Nokha, 
Sardarshahar, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, 
Saduishahar, Padampur, Raisingh 
Nagar, VijaiNagar, Sangaria, 
Hanumangarh, Nohar, Ahore, 
Sanchor, Bhopalgarh, Jodhpur, 
Chirawa, Nawalgarh, Udaipurwati, 
Naguar, Merta, Jayal, Ladnun, Nawa, 
Parvatsar Degana, Desun, Jaitaran, 
Raipur, Sojat, Marwar Junction, Bah, 
Lachchmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur and Neem 
Ka Thana 
Phalodi 
-
Shiv, Siwana, Lunkaransar, Bikaner, 
Taranagar, Rajgarh, Ganganagar, 
Karanpur, Pilibanga, Rawatsar, Tibi, 
Bhadra, Jaisalmer, Pokaran, 
Raniwara, Shergarh, Bhopalgarh, 
Jhunjhunu, Khetri and Didwana 
Source : District Handbooks, Department of Economics and Statistics, Jaipur Goverment of 
Rajasthan 
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decreased area. This tehsil comes in very high category of decreased area 
in fallow land. No tehsils are lie in high and medium category of 
hectarage change in fallow land. There are six unit areas come in low 
category of decreased area in fallow land. These areas are Anupgarh, 
Gharsana, Suratgarh, Bhinmal, Bilara and Pali. These are reported -
3,58,005 hectares i.e. 32.92 per cent of total decreased area. Another 
fourty four unit areas of Western Rajasthan reported a negative growth of 
- 5,34,602 hectares of land i.e. 49.17 per cent of the total decreased area 
in fallow land. These unit areas fall in very low category. These unit areas 
are Baytu, Pachpadra, Chohtan, Gundhamalani, Kolayat, Nokha, 
Sardashahar, Churu, Sri Dngargarh, Ratangarh, Sunjangarh, Sadulshahar, 
Padampur, Raisingh Nagar, Vijai Nagar, Sangaria, Hanumagarh, Nohar, 
Ahore, Nowalgarh, Udaipurwati Nagaur, Merta, Jayal, Ladnun, Nawa, 
Parvatsar Degana, Desuri, Jaitaran, Raipur, Sojat, Marwar Junction, Bali, 
Fatehpur, Lachchmangarh, Sikar, Danta Ramgarh, Sri Madhopur 
Lachchmangarh, Sikar, Danta Ramgarh, Sri Madhopur and Neem ka 
Thana. 
Similarly, twenty two tehsils of Indian desert reported a postive 
growth of + 3,29,187 hectares of land i.e. 30.277 percent of total negative 
grov/th of fallow land. There is only Phalodi tehsil of district Jodhpur 
reported an increase of+1,69,132 hectares of land i.e. 15.55 percent of 
total fallow land growth in Western Rajasthan. The remaining twenty one 
tehsils fall in very low category of increased area under the category of 
fallow land. These area reported +160,055 hectares of fallow land i.e. 
14.72 per cent of the total growth. These tehsils are Shiv, Siwana, 
Lunkaransar, Bikaner, Taranagar, Rajgarh, Ganganagar, Karanpur, 
Pilibanga, Rawatsar, Tibi, Bhadra, Jaisalmer, Pokaran, Raniwara, 
Shergarh, Bhopalgarh, Jhunjhunu, Khetri and Didwana. It has been 
hypothesised that a regular growth of fallow land suggest, marginalisation 
and therefore, it is an indication of land degradation. Fallowing is largely 
assosicated with dry farming practices, a decrease in fallow land is a 
reflection of adverse land management. 
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v) Culturable Waste Lands 
Culturable waste is an important aspect of land use in western 
Rajasthan. This situation prevails only due to adverse physical, 
climatological human land use system of the resources. Land under this 
cultivated due to Physical, Socio-economic, demographic and agro-nomic 
hinderences such as deep rooted grasses, needs, salinity and Alkalinity are 
responsible for rendering these lands as culturable waste. 
The hypothesis is that if the extent of culturable waste has decreased 
it suggests the corresponding sign of marginalization. It means the land 
use pressure is encroaching towards the less suitable or vulnerable lands 
which again is an indicator of desertification. Another important 
realization is that a decrease in culturable waste is also due to they are 
largely gone to expanding irrigation farming particularly in the Indira 
Gandhi Canal Command Area. Thus a decrease in culturable waste is both 
a sign of amelioration as well as deterioration of the environment. 
In the entire study area the total decrease in culturable waste during 
1981-1995 has been registered -7,62,133 hectares of land (Table-16). 
There are only two tehsils of the western Rajasthan are reported -3,46,859 
hectares of nagative growth i.e. 45.51 per cent of total decreased area. 
These tehsils are Bikaner and Lunkaransar. These tehsils are registered in 
the category of very high negative growth of culturable waste lands. 
Another four tehsils of the Western Rajasthan are reported a decrease 
of-2,34,321 hectares of land i.e. 30.74 per cent of the total decreased area 
in the category of culturable waste lands. These tehsils are Shiv, Banner, 
Kolayat and Jaisalmer. These Unit areas come in the low category of 
negative growth. Whereas forty three tehsils of the study area are 
registered in very low category of decreased area in culturable waste 
lands. These areas are reported -1,80,953 hectares of land i.e. 23.74 per 
cent of total decreased area. These tehsils are Pachpadra, Nokha, 
Sardarshahar, Taranagar, Sri Dungargarh, Churu, Ratangarh, Sujangarh, 
Ganganagar, Karanpur, Padampur, Raisinghnagar, Anupgarh, Tibi, 
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Table-16 : Hectarage Change in Culturable Waste Lands in Western 
Rajasthan (1981-1995) 
Intensity 
I'oiitivc 
Growth 
Very High 
High 
Medium 
Low 
Very Low 
Positive 
Growth 
No. of 
Tehsils 
02 
Nil 
Nil 
04 
43 
49 
24 
73 
Area in 
Sq. Km. 
-3,46,859 
Nil 
Nil 
-2,34,321 
-1,80,953 
-7,62,213 
+39,869 
-7,22,344 
Percentage 
of the total 
area 
-45 51 
-
-
-30 74 
-23 74 
100.00 
+5 23 
Unit Areas 
Lunkaransar, Bikaner 
-
-
Shiv, Barmer, Kolayat and 
Jaisalmer 
Pachpadra, Nokha, Sardarshahar, 
Tara Nagar, Sri Dungargarh, 
Churu, Ratangarh, Sujangarh, 
Ganganagar, Karanpur, Fadam-
pur, Raipur, Sojat, Pali, Marwar 
Junction, Ball, Desuri, Fatehpur, 
Lachchmangarh, Sikar, Danta 
Ramgarh 
Baytu, Chohtan, Gudhamalani, 
Siwana, Rajgarh, Sadulshahar, 
Gharsana, Suratgarh, Vijainagar, 
Sangaria, Hanumangarh, Pali-
banga, Rawatsar, Nohar, Bhadra, 
Ahore, Jalore, Bhinmal Phalodi, 
Shergarh, Bhopalgarh, Bilara, 
Nawalgarh and Udaipurwati 
Source . District Handbooks, Department of Economics and Statistics, Jaipur, Govt of 
Rajasthan 
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Pokaran, Raniwara, Bhopalgarh, Bilara, Jodhpur, Jhunjhunu, Chirawa, 
Khelri, Nagaur, Merta, Jayal, Ladnun, Didwana, Nawa, Parvatsar, Degana, 
Jaitaran, Raipur, Sojat, Pali, Marwar Junction, Bali, Desuri, Fatehpur, 
Lachmangarh, Sikar, Danta Ramgarh, Sri Madhopur and Neem ka Thana. 
Similarly, another twenty four tehsiis of western Rajasthan are 
reported a positive growth of +39,869 hectares of land. These unit areas 
are Baytu, Chohtan, Gudhamalani, Siwana, Rajgarh, Sadulshahar, 
Gharsana, Vijai Nagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, 
Nohar, Bhadra, Ahore, Jalore, Bhinmal, Raniwara, Phalodi, Shergarh, 
Bhopalgarh, Bilara, Nawalgarh and Udaipurwati, 
However, the increase of culturable waste land in a few unit area is 
suggestive of the situation where some dry farming areas have become 
economically redundant due to rising costs and uncertaninities in 
competition with the reumenarative irrigated areas and more stable areas 
in Iheir vicinity. Such redundant dry farming areas may have been reduced 
to culturable waste lands. 
vi) Rainfed and Irrigated Lands 
The requirements of water for drinking for livestock and for 
irrigation are met either from the ground water resources or from a 
network of canals from the neighbouring sub-humid regions, or from the 
local tanks. 
A study of the rainfall map of the north-western Indian arid zone 
(Sen, 1972) indicates that the region has three rainfall belts viz (a) 500 
m.m. to 300 mm. from the foothills of the Aravallis in the east to the 
desert plains in the west. The zone has typical steppe desert conditions, 
(b) 300 m.m. to 100 m.m., the hot sandy desert and (c) below 100 m.m. 
the extremely, and desert with dunes. The orientation of the Isohyets is 
from north east to South West. The drainage system is an indicator of the 
water resources.' 
Mehra, T.N. and Sen, A.K. Ground-water Resources of the Arid Zone of India, 
Desertification and its control ed. P.L. Jaisalwal, I.C.A.R. New Delhi, 1977, pp. 
156-159 
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The area is devoid of any well-defined drainage system, except the 
Luni-River, which has a flood cycle of sixteeen years. The rest of the 
drainage lines mostly internal and ephemeral and carry water only during 
short cloud burst and die-out soon owing to the alluvial suffocation or 
excessive evaporation. The general slope of the area is towards the south-
west owing to the internal drainage (Sen, 1972), salt lakes or saline 
depressions, locally known as Rann are common, particularly in the 
Rajasthan desert. Pachpadra, Sambhar, Deedwana and Bap are salt lakes. 
The depressions exist in Sanswarla Ka Rann, Thob, Khatu, Lankaransar, 
Pokhran, Kaparda and in the Jaisalmer area of Rajasthan. 
The data of irrigated area in western Rajasthan during 1981-1995 
reveals that there is a positive growth of+7,94,683 hectares of land in the 
study area (Table-17). Bikaner tehsil reported very high growth in 
irrigation which is +67,866 hectares i.e. 8.54 per cent of total increased 
area. Nine tehsils of the study area lie in moderate category of growth 
reported (+)2,47,154 hectares of land i.e. 31.10 of the total increased area. 
These tehsils are Jalore, Nagaur, Merta, Pali, Marwar Junction, Desuri, 
Danta Ramgarh, Sri Madhopur and Bali. Another fourteen units of the 
study area are reported +2,89,948 hectares of land i.e. 36.48 per cent of 
the total increased area in irrigation. These unit areas are Kolayat, 
Ganganagar, Raisinghnagar, Tibi, Bhinmal, Chirawa, Nawa, Parvatsar, 
Degana, Jaitaran, Raipur, Sojat, Bali and Sikar. Another forty three unit 
areas of the western Rajasthan are reported +1,89,715 hectares of land i.e. 
23.87 per cent of total increased area in Rainfed and irrigated lands. These 
areas lie in very low category of growth. These are Shiv, Baytu, 
Pachpadra, Banner, Chohtan, Gudhamalani, Siwana, Lunkaransar, Nokha, 
Sardarshahar, Tara Nagar, Churu, Sri Dungargarh, Ratangarh, Sujangarh, 
Karanpur, Padampur, Anupgarh, Gharsana, Vijai Nagar, Sangaria, 
Hanumangarh, Pilibanga, Rawatsar, Jaisalmer, Pokaran, Ahore, Raniwara, 
Phalodi, Shergarh, Osian, Bhopalgarh, Jodhpur, Bilara, Jhunjhunu, Khetri, 
Nawalgarh, Jayal, Ladnun, Didwana, Fatehpur, Lachchmangarh and Neem 
Ka Thana. 
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Table-17 : Hectarage Change in Rainfed and Irrigated Lands in 
Western Rajasthan (1981-1995) 
Intensity 
Positive 
Growth 
Very High 
High 
Medium 
Low 
Very Low 
Negative 
Growth 
Very High 
High 
No. of 
Tehsils 
01 
Nil 
09 
14 
43 
66 
02 
01 
Area in 
Sq. Km. 
(+)67,866 
Nil 
(+)2,47154 
+2,89,948 
+ 1,89,715 
+794683 
-80,194 
-15923 
-96,117 
+6,98,566 
Percentage 
of the total 
area 
(+)8 54 
-
(+)31 10 
36 48 
23 87 
100.00 
-10 09 
-2 0 
-12.09 
+87.90 
Unit Areas 
Bikaner 
-
Jalore, Nagaur, Merta, Pah, 
Marwar Junction, Desuri, Danta 
Ramgarh, Sri Madhopur and Bali 
Kolayat, Ganganagar, Raisingh 
Nagar, Tibi, Bhinmal, Chirawa, 
Nawa, Parvatsar, Degana, 
Jaitaran, Raipur, Sojat, Bali and 
Sikar 
Shiv, Baytu, Pachpadra, Bikaner, 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Nokha, 
Sardarshahar, Taranagar, Churu, 
Sri Dungargarh, Ratangarh, 
Sujangarh, Karanpur, Padampur, 
Anupgarh, Gharsana, Vijai 
Nagar, Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Jaisalmer, 
Pokaran, Ahore, Raniwara, 
Phalodi, Shergarh, Osian, 
Bhopalgarh, Jodhpur, Bilara, 
Jhunjhunu, Khetri, Nawalgarh, 
Jayal, Ladnun, Didwana, 
Fatehpur, Lachchmangarh and 
Neem Ka Thana 
Suratgarh, Nohar 
Udaipurwati 
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Similarly, there are three unit areas in western Rajasthan are reported 
a decrease of -96,117 hectares of land i.e. 12.90 per cent of total hectarage 
change in Rainfed and irrigated Area Growth. These tehsils are Suratgarh, 
Nohar and Udaipurwati. 
After the analysis of the data, it has been observed that The Thar 
desert is facing an accute water deficiency to maintain the Natural 
Ecosystems. Most of the tehsils in western Rajasthan are reported very 
low positive growth in irrigated area. Negative growth of an area shows 
vulnerability to desertification hazards. 
Part - Three 
Chapter - 7 
ENVIRONMENTAL INDICATORS 
OF DESERTIFICATION 
i) Meteorological Indicators 
ii) Topographical Indicators 
iii) Hydrographic Indicators 
iv) Edaphic Indicators 
v) Biotic Indicators 
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Environmental Indicators of Desertification 
In this chapter an attempt has been made to examine the 
Environmental Indicators of desertification in western Rajasthan in order 
to ascertain the varying degree of environmental vulnerability to 
desertification in its regional frame. The study undertakes to identify the 
indicators of land degradation and their spatial characteristics. Land 
degradation means the loss in capacity of land to support growth of useful 
plants on a sustained basis. It is a complex phenomena and driven strongly 
by interaction amongst socio-economic and bio-physical factors. The 
inherent vulnerability of the land and intense biotic pressure have 
combined to set in a process of deterioration within the desert. 
Various environmental indicators have been selected to evaluate the 
vulnerability of desertification in western Rajasthan. Such indicators can 
be used to asess the current status of desertification relative to potential 
land productivity and to assess the desertification hazards. A 
desertification indicator is helpful to determine directly or indirectly the 
stage of land degradation in a spatial perspective. These environmental 
indicators are as follows: 
(i) Meteorological Indicators 
(ii) Topographical Indicators 
(iii) Hydrographic Indicators 
(iv) Edaphic Indicators 
(v) Biotic Indicators 
i) Meteorological Indicators 
The meteorological phenomena of western Rajasthan is highly 
variable in nature. The climate of the desert environment is characterised 
by seasonal as well as diurnal extremes of temperature, low amount of 
rainfall, low relative humidity, high evaporation and high wind speed. 
These unfavourable conditions of the climate create a deficiency in soil 
moisture and weaken the biotic production potential of the land. The 
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scarcity of water is proportionate to the amount of rainfall. It has also 
been found that wherever, deficiency of rainfall is higher the vulnerability 
of land to degradation is also high. 
Among the Meteorological Indicators, spatial dimension of the 
following has been analysed: (i) Rainfall Distribution, (ii) Rainfall 
variability, (iii) Thermal Regime, (iv) Mean Annual Aridity Indices, (v) 
Drought Intensity Regions, (vi) Wind Velocity, (vii) Water Balance 
Situation, and (viii) Water Availability Period. 
Distribution of Mean Annual Rainfall 
The Isohyet map of western Rajasthan shows an uneven and 
inadquate rainfall. The mean annual rainfall ranges grom less than 100 
mm in the north western sector of Jaisalmer district to more than 600 mm 
Fig. 11 & 12 along the eastern boundary of the arid zone. The rainfall 
data of nearly eighty years have been analysed to show the vulnerability 
levels of eighty one data base unit areas of western Rajasthan. 
The area under better natural vegetation corresponds to the higher 
rainfall availability in the region. Whereas barrenness indicates the 
continued deficiency of rain which renders the land sterile and infertile. 
Table-18 shows the extent of the mean annual rainfall. However, 
Fig. 11 shows very high rainfall in Khetri, Udaipurwati, Bali, Desuri and 
Neem Ka Thana. It covers an area of 7,263.26 Sq.Km, accounting to 3.49 
per cent of western Rajasthan and supports 13,91,912 persons i.e. 8.62 per 
cent of the total study area. Desertification hazards, by this measure is 
very low in these areas. On the other hand mean annual rainfall recorded 
high in Bhinmal, Bilara, Chirawa, Didwana, Raipur, Sojat, Pali, Marvvar 
Junction, Sikar, Danta Ramgarh and Sri Madhopur covering an area of 
19,345.01 Sq.Km. i.e. 9.30 per cent of western Rajasthan supports 
28,80,201 persons i.e. 17.84 per cent of the study area. The risk of 
vulnerability to desertification hazard is low in these areas. There are 
twenty four another unit areas shows medium level of vulnerability to 
desertification these are Siwana, Rajgarh, Churu, Ratangarh, Sujangarh, 
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^YESTERN RAJASTHAN 
Data Base Unit Areas 
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1901-1980 
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407.06-513.07 
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Interpolation by Topogiaphy, Rainfell, Soil & Vegetation 
Fig. 11 
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WESTERN RAJASTHAN 
Rainy days iii a Yeai' 
Source : India Meteorological Department, Pune. 
Fig. 12 
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Table-18 : Distribution of Mean Annual Rainfall (1901-1980) 
Category 
Vcr) High 
High 
Medium 
Lo\\ 
Very Low 
Total 
No. of 
Te h s i 1 s 
05 
11 
24 
27 
14 
81 
Area in 
Sq, Km 
7,263 26 
19,345 01 
47,555 44 
90,480,49 
4,327 44 
2,07,916.64 
%age of 
the Total 
area 
3 49 
9 30 
22 87 
43 51 
20 81 
99.98 
Affected 
population 
13,91,912 
28,80,201 
54,84,395 
55,53,994 
8,25,351 
16)35798 
% of the 
total 
population 
8 62 
17 84 
33 98 
34 42 
5 11 
99.97 
Unit Areas 
Khelri, Udaipurwati, Bah, 
Desuri and Neem Ka Thana 
Bhinmal, Bilara, Chirawa, 
Didwana, Raipur, So|at, Pali, 
Marwar Junction, Sikar, 
Danta Ramgarh and Sn 
Madhopur 
Siwana, Ra)garh, Churu, 
Ratangarh, Suiangarh, 
Bhadra, Ahore, Jalore, 
Sanchor, Raniwara, 
Bhopalgarh, fodhpur, 
Jhunjhunu, Nawalgarh, 
Nagaur, Merla, Jayal, 
Ladnun, Navva, Parvatsar, 
Degana, Jaitaran, Fatehpur 
and Lachchmangarh 
Shiv, Baytu, Pachpadra, 
Barmar, Chohtan, 
Gudhamalani, Lunkaransar, 
Bikaner, Kolayal, Nokha, 
Sardarshahar, Tara nagar, Sn 
Dungargarh, Ganganagar 
Karanpur, Sadulshahar, 
Padampur, Sangaria, 
Suratgarh, Hanumangarh, 
Palibanga, Rawatsar, Tibi, 
Nohar, Phalodi, Shergarh, 
Osian 
Raisingh Nagar, Anupgarh, 
Gharasana, VijaiNagar, Bali, 
Dcvikot, Dewa, Fatehgarh, 
Jaisalmer, Khaba, Lathi, 
Naukh, Pokaran and 
Ramgarh 
Source : Based on data obtained from India Meteorological Department Pune. 
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Bhadra, Ahore, Jalore, Sanchor, Raniwara, Bhopalgarh, Jodhpur, 
Jhunjhunu, Nawalgarh, Nagaur, Merta, Jayal, Ladnun, Nawa, Parvatsar, 
Degana, Jaitaran, Fatehpur and Lachchmangarh covering an area of 
47,555.94 Sq.Km. i.e. 22.87 per cent of the total area and supports 
54,84,395 persons of total population. This covers 33.98 per cent of total 
population of the study area. There are twenty seven tehsils of the study 
area fall in low category. These unit areas are Shiv, Baytu, Pachpadra, 
Barmer, Chohtan, Gudhamalani, Lunkaransar, Bikaner, Kolayat, Nokha, 
Sardarshahar, Tara Nagar, Sri Dungargarh, Ganganagar, Karanpur, 
Sadulshahar, Padampur, Sangaria, Suratgarh, Hanumangarh, Pilibanga, 
Rawatsar, Tibi, Nohar, Phalodi, Shergarh and Osian covering an area of 
90,480.49 Sq.Km., i.e. 43.51 per cent of total area and consist 55,53,994 
persons i.e. 34.42 of the total population of western Rajasthan. The 
remaining fourteen unit areas lie in very low category which covers an 
area of 43,272.44 Sq.Km. i.e. 20.81 per cent of the total area of western 
Rajasthan which consist 8,25,351 persons i.e. 5.11 per cent of the total 
area. These unit areas are Raisingh Nagar, Anupgarh, Gharsana, Vijai 
Nagar, Buili, Devikot, Dewa, Fatehgarh, Jaisalmer, Khaba, Lathi, Naukh, 
Pokaran and Ramgarh. 
Areas having low to very low rainfall distribution have the highest 
requirement of water to maintain the sustainability and evaporative 
demands. A relatively better situation in the Ganganagar district as 
compared to other districts is only due to the bounties of Indira Gandhi 
Canal. The canal water, however, has brought in new problems of its own 
kind. The major ones are water logging and salinity. The deficiency of 
water prevails throughout the region The unit areas of western front fall 
under the high vulnerability to desertification. Areas of better rainfall 
indicate relatively longer water availability periods (Fig. 23). The 
pedogenic characteristics and forest cover is better as compared to western 
parts of the study region. The higher rainfall maintains natural life support 
system and prevent land deterioration. So it has been marked that there is 
an inverse relationship between the distribution of rainfall and 
vulnerability to desertification. Lower is the rainfall higher is the risk to 
desertification hazards. 
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Mean Annual Rainfall Variability 
Rainfall variability appears to be more cognisable indicator of 
desertification. There is a positive correlation between rainfall variability 
and desertification hazard. Higher the rainfall variability higher is the 
vulnerability to desertification. The data of last eighty years have been 
analysed to show its co-efficient of variation. It varies nearly 30-40 per 
cent in Sikar and Jhunjhunu districts in the northwest to nearly 70-80 per 
cent in Jaisalmer and Banner districts in the southwest. The dryness 
causes, severe situation which weakens the natural environments to 
sustain the inhabitants. 
The indicator of co-efficient of variation of rainfall has been 
analysed to show the vulnerability of the land. It varies inversely with the 
average rainfall. It also indicates the potentiality of the region. An attempt 
has also been made to relate the total number of population with co-
efficient of variation of rainfall under different categories. It has been 
marked that the areas having higher percentage of co-efficient variation of 
rainfall consist low amount of rainfall whereas areas of having low 
percentage of co-efficient of variation of rainfall consist higher rainfall 
distribution. The co-efficient variation of rainfall increases towards the 
west in the districts of Banner, Bikaner and Jaisalmer (Fig. 13). It 
suggests that the desertification vulnerability increases westwards in the 
Indian Desert. Five unit recorded very high variability of rainfall. These 
are Buili, Devikot, Dewa, Khaba and Ramgarh covering an area of 
23,797.98 Sq.Km. i.e. 11.44 per cent of total area consist 89,765 persons 
i.e. 0.55 per cent of total population whereas in the high category there 
are nine tehsils covering an area of 32,349.83 Sq.Km. i.e. 15.55 per cent 
consist 11,84,968 persons i.e. 7.34 per cent of total population. These are 
Jaisalmer, Fatehgarh, Lathi, Naukh, Pokharan, Shiv, Pachpadra, Chohtan 
and Sanchor. These areas of western Rajasthan are having high to very 
high risk of desertification. There are thirty other unit areas of western 
Rajasthan, having moderate vulnerability. These are Baytu, Banner, 
Gudhamalani, Siwana, Bikaner, Kolayat, Nokha, Tara Nagar, Padampur, 
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WESTERN RAJASTHAN 
DATA BASE UMT AEEAS 
CU-EmCIENT OF VARIATION OF RAINFALL 
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Source' Bajed on data obtained from India Meteorological Dei^artment, Pune & Local 
Interpolation by Topography, Rainfell, Soil & Vegetation 
Fig. 13 
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RaiSinghNagar, Anupgarh, Gharsana, Vijai Nagar, Suratgarh, Pilibanga, 
Ahore, Jalore, Bhinmal, Raniwara, Phalodi, Shergarh, Osian, Bhopalgarh, 
Jodhpur, Bilara, Nagaur, Jayal, Ladnun, Raipur and Sojat covering an area 
of 86,579.9 Sq.Km. i.e. 41.64 per cent of total area and supports 
61,21,517 of total population which is 37.93 per cent of total population 
of the study area (Table-19). 
lliere are twenty eight unit areas of western Rajasthan which 
indicate low vulnerability to desertification hazards. These are 
Lunkaransar, Sardarshahar, Rajgarh, Sri Dungargarh, Ratangarh, 
Sujangarh, Ganganagar, Karanpur, Sadulshahar, Sangaria, Hanumangarh, 
Rawatsar, Tibi, Nohar, Bhadra, Chirawa, Merta, Didwana, Nawa 
Parvatsar, Degana, Pali, Jaitaran, Marwar Junction, Bali, Desuri, 
Lachmangarh and Fatehpur. It covers an area of 53,443.92 Sq.Km. 
accounting to 25.70 per cent of western Rajasthan and supports 59,86,213 
persons i.e. 37.09 per cent of the total study area. The remaining nine 
tehsils fall under very low category these are Churu, Jhunjhunu, Khetri, 
Nawalgarh, Udaipurwati, Sikar, Danta Ramgarh Sri Madhopur and Neem 
Ka Thana. It covers an area of 11745.07 Sq.Km. i.e. 5.64 per cent of 
western Rajasthan and supports 27,53,335 persons i.e. 17.06 per cent of 
the total study area. Desertification hazard, by this measure is very low in 
these areas. 
Thermal Regime 
An indicator of thermal regime has been taken to show the 
characteristics of seasonal variation of the mean temperature, the mean 
monthly maximum and mean monthly minimum at different data base unit 
areas in western Rajasthan. These data base unit areas show higher annual 
range of temperature which also leads fragility of the ecosystem. 
It has been seen that western Rajasthan characterised by high 
maximum air and surface soil temperatures, particularly in the summer 
months. Even in winter months temperature during day period is relatively 
higher as compared to other unit areas. The data have been taken to show 
the characteristics of seasonal variation of the mean temperature, the mean 
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Table-19 : Mean Annual Ranifall Variability (1901-1980) 
Category 
Very High 
High 
Medium 
Low 
Very Low 
Total 
No of 
Tchsils 
05 
09 
30 
28 
09 
81 
Area in 
Sq Km 
23,797 98 
32,349 83 
86,579 9 
53,443 92 
11,745 01 
2,07,916.64 
%age of 
the total 
area 
11 44 
15 55 
41 64 
25 70 
5 64 
99.97 
Affected 
population 
89,765 
11,84,968 
61,21,517 
59,86,213 
27,53,335 
1,61,35,798 
% of the 
total 
population 
0 55 
7 34 
37 93 
37 09 
17 06 
99.97 
Unit Areas 
Buil i , Devikot , Dewa, 
Khaba and Ramgarh 
Jaisa lmer , Fatehgarh, 
Lathi, Naukh, Pokaran, 
Shiv, Pachpadra, Chohtan 
and Sanchor 
Baytu, Barmer, Gudha-
malani, Siwana, Bikaner, 
Kolayat , Nokha, Tara 
Nagar, Padampur, 
Raisingh Nagar, 
Anupgarh , Gharsana, 
VijaiNagar, Suratgarh, 
Pilibanga, Ahore, Jalore, 
Bhinmal , Raniwara, 
Phalodi, Shergarh, Osian, 
Bhoaplgarh , Jodhpur, 
Bi lara , Nagaur, Jayai, 
Ladnun, Raipurand Sajat 
Lunkaransar , Sardar 
Shahar, Rajgarh, Sri 
Dungargarh, Ratangarh, 
Sujangarh, Ganganagar, 
Karanpur, Sadulshahar, 
Sangaria, Hanumangarh, 
Rawatsar, Tibi, Nohar, 
Bhadra, Chirawa, Merta, 
Didwana, Nawa, 
Parvatsar, Degana, Pah, 
Jaitatan, Marwarjunction, 
Ball , Desuri , 
Lachchmangarh and 
Fatehpur 
Churu, Jhunjhunu, Khetri, 
Nawalgarh, Udaipurwati, 
Sikar, Danta Ramgarh, Sri 
Madhopur and Neem ka 
Thana 
Source : Based on data obtained obtained from India Meteorological Department, 
Pune, India 
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monthly maximum and mean monthly minimum at different unit areas. In 
the western Rajasthan prevalence of clear skies and high insolation leads 
high temperature particularly in summer. May and June recorded highest 
temperature 40°C to 43°C. On the other hand southern part recorded 
slightly lower mean maximum air temperatures in the range of 39°C to 
41"C (Appendix-II). With the onset of monsoon, temperatures sharply 
drop from 42°C in June to 38°C in July-September in the northern part of 
the study area and from 36°C to 32°C in southern part of western 
Rajasthan. In winter season the minimum temperatures in northern parts 
vary from 3°C to 10°C with occasional periods of below freezing surface 
temperatures and frost in the wake of cold wave conditions associated 
with passing western disturbances in some regions. So it has been 
observed that those areas having higher annual range of temperature are 
having higher vulnerability. 
Mean Annual Aridity Indices 
Aridity Indices are very useful to monitor the continued deficiency 
of water in a region. The study is based on data available for the years 
1901-1980 and local interpolation by Topography, Rainfall, soils and 
vegetation (Table-20). Aridity index is a composite meteorological 
indicator, it also has a strong positive correlation with the desertification 
hazards. Higher is the aridity index, higher could be the vulnerabiulity to 
desertification in the study area. Aridity Index has been measured by 
using Thornthwaite's formula i.e. An Aridity Indiex is the ratio between 
the annual water need minus annual water availability expressed as 
percentage. 
Water Deficit 
Aridity Index = 
Potential Evapotranspration 
In other words a ratio between Mean Annual water Deficiency 
computed as (Total rainfall - mean annual potential evapotranspiration). 
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Table-20 : Index of Aridity (1901-1980) 
Category 
Vciy High 
High 
Medium 
Low 
Veiylovv 
Total 
No of 
Tehsils 
12 
29 
26 
10 
04 
81 
Area in 
Sq Km 
46,603 21 
87,249 
52,561 83 
15748 9 
5793 06 
2,07,956 
%age of 
the total 
area 
22 41 
41 95 
25 27 
7 57 
2 78 
99.98 
Affected 
population 
5,83,882 
59,18,322 
6,066,203 
25,69,325 
9,98,066 
1,61,35808 
% of the 
total 
population 
361 
36 67 
37 59 
15 92 
6 18 
99.97 
Unit Areas 
Shiv, Gharsana, Buili, 
Devikot, Dewa, Fateh-
garh, Jaisalmer, Khaba, 
Lathi, Naukh, Pokaran 
and Ramgarh 
Baytu, Pachpadra, 
Banner, Kolayat, Nokha, 
Sardarshahar, Sn Dungar-
garh, Ganganagar, Karan-
pur, Sadulshahar, Padam-
pur, Raisingh Nagar, 
Anupgaih, VijaiNagar, 
Suratgarh, Sangana, 
Hanumangarh, Pilibanga, 
Rawatsar, Tibi, Phalodi, 
Shergarh, Osian, Bhopal-
garh and Degana 
Siwana, TaraNagar, Raj-
garh, Churu, Ratangarh, 
Sujangarh, Nohar, 
Bhadra, Ahore, Jalore, 
Sanchor, Raniwara, Jodh-
pur, Bilara, Jhunjhunu, 
Chirawa, Nawalgarh, 
Nagaur, Merta, Jayal, 
Ladnun, Didwana, 
Parvatsar, Jaitaran, Pali, 
Lachchmangarh 
Bhinmal, Khetri, Nawa, 
Raipur, Sojat, Marwar 
Junction, Fatehpur, Sikar, 
Danta Ramgarh, and Sn 
Madhopur 
Udaipurwati, Bah, Desuri 
and Neem ka Thana 
Source : Based on data obtained from India Meteorological Department, Pune, India 
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Water Deficiency 
X 100 
Water Need 
i.e. PET-P 
PET 
where PET = Potential Evapo-transpiration 
P = Mean Annual Precipitation (In mm.) 
Twelve unit areas of the western Rajasthan recorded very high 
percentage in Aridity Index covering an area of 46,603.21 Sq.Km. i.e. 
22.41 per cent of total area and consist 5,83,882 persons i.e. 3.61 per cent 
of total population. These unit areas are Shiv, Gharsana, Buili, Devikot, 
Dewa, Fatehgarh, Jaisalmer, Khaba, Lathi, Naukh Pokharan and Ramgarh. 
These areas run very high risk of vulnerability to Desertification. 
Table-20 shows twenty nine other unit areas of the western 
Rajasthan, recorded high percentage of Aridity Index covering an area of 
87,249 Sq.Km. i.e. 41.95 per cent of total area consist 59,18,322 persons 
i.e. 36.67 per cent of total population. These are Baytu, Pachpadra, 
Banner, Chohtan, Gudhamalani, Lunkaransar, Bikaner, Kolayat Nokha, 
Sardarshahar, Sri Dungargarh, Ganganagar, Karanpur, Sadulshahar, 
Padampur, Raisingh Nagar, Anupgarh, Vijai Nagar, Suratgarh, Sangaria, 
Hanumangarh, Pilibanga, Rawatsar, Tibi, Phalodi, Shergarh, Osian, 
Bhopalgarh and Degana. These areas are having high risk of vulnerability 
to desertification. 
There are twenty six unit areas of the, study region covering an area 
of 52,561.83 Sq.Km. i.e. 25.27 per cent of total area which consist 
60,66,203 persons i.e. 37.59 per cent of total population are having 
moderate risk to desertification hazards. These unit areas are Siwana, Tara 
Nagar, Rajgarh Churu, Ratangarh, Sujangarh, Nohar, Bhadra, Ahore, 
Jalore, Sanchor, Raniwara, Jodhpur, Bilara, Jhunjhunu, Chirawa, 
Nawalgarh, Nagaur, Merta, Jayal, Ladnun, Didwana, Parvatsar, Jaitaran, 
Pali and Lachchmangarh. There are ten other tehsils of western Rajasthan, 
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falling under low category. These are Bhinmal Khetri, Nawa, Raipur, 
Sojat, Marwar Junction, Fatehpur, Sikar, Danta Ramgarh and Sri 
Madhopur covering an area of 15,748.9 Sq.Km. i.e. 7.57 per cent of the 
total area consist 25,69,325 persons i.e. 15.92 per cent of total population. 
In these areas the aridity risk of desertification hazards is lower. The 
remaining Udaipurwati, Bali, Desuri and Neem Ka Thana covering an area 
of 5,793.06 Sq.Km. i.e. 2.78 per cent of total area and consist 9,98,066 
persons i.e. 6.18 per cent of total population. These unit areas fall under 
very low percentage of Aridity Index. Therefore, the risk of vulnerability 
to desertification hazards would be very low. Lower is the Index of 
Aridity, lower is the risk. So there is a positive correlation between Index 
of Aridity and vulnerability to desertification hazards (Fig. 14). 
Drought Intensity Regions 
The occurrence of drought condition as it is only due to uncertainity 
and lack of rainfall is also an indicator of desertification hazard. An 
attempt has been made to show the occurence of maximum number of 
drought years which show more vulnerable conditions as compared to 
those areas which are having minimum occurrence of droughts. 
Meteorological drought over an area may be defined, as a situation 
when annual rainfall over the area is less than 75 per cent of the normal. 
it is further classified as moderate drought if rainfall deficiency is 
between 25 and 50 per cent of the normal and 'severe drought' when 
rainfall deficiency is more than 50 per cent. Areas where frequency of 
drought as defined above is 20 per cent of the years examined are 
classified as drought prone areas and areas having drought condition for 
more than 40 per cent of the years under consideration represent 
chronically drought affected areas. The severity of drought not only 
depends upon the order of rainfall deficiency in a single year, but also 
upon continued occurrence of deficient rain in successive years, even 
though the deficiency in each such successive year may not be as high as 
in a single year. 
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Droughts not only infleucne the food and fodder production, but also 
result in depletion of surface and underground, water resources, cause 
wind erosion and lead to desertification hazards. 
Long term incidence and occurrence to droughts also have a positive 
correlation with the vulnerability to desertification. 
Drought occurrence leads to marginalization, overgrazing and other 
environmental instabilities and remains a useful indicator of 
desertification. The data of drought occurrence for the last eighty years 
have been analysed to assess the severity of natural environment which is 
caused by the scarcity of water. The deficit and deviation of rainfall from 
its normal condition create droughts. The occurrence of drought make the 
land incapable to cultivation throughout the year. This situation renders 
harsh and unfavourable periodic environmental strains on human beings, 
livestock population and plant species. 
There are ten unit areas have reported under very high category of 
drought intensity it accounts an area of 45,094 Sq.Km. i.e. 22.12 per cent 
of total area and consist 31,06,141 persons i.e. 19.25 per cent of total 
population of western Rajasthan (Table-21). These unit areas are Phalodi, 
Shergarh, Osian, Bhopalgarh, Jodhpur, Bilara, Lunkaransar, Bikaner, 
Kolayat and Nokha. There is a positive correlation with occurrence of 
drought and vulnerability to desertification hazards. Higher the intensity 
indicates higher vulnerability to land in the study area. Twenty other 
tehsils of western Rajasthan covering an area of 73,653 Sq.Km. i.e. 36.13 
per cent of total area support 45,00,274 persons i.e. 27.89 per cent of total 
population of the study area. These tehsils are Sardarshahar, Tara Nagar, 
Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, Jaisalmer, 
Pokaran, Ahore, Jalore, Bhinmal, Sanchor, Raniwara, Fatehpur, 
Lachchmangarh, Sikar, Danta Ramgarh, Sri Madhopur and Neem Ka 
Thana. These unit areas are having high percentage of drought intensity. 
Therefore, the vulnerability to desertification hazards is also higher. 
Twenty other tehsils are recorded moderate intensity of drought 
occurrence are having moderate risk to vulnerability to desertification 
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Table-21 : Drought Intensity Regions (1901-1980) 
Category 
Very High 
High 
Medium 
Lovv 
Very Low 
Total 
No of 
Tehsils 
10 
20 
20 
07 
16 
73 
Area in 
Sq. Km 
45,094 
73,653 
52,033 
12,387 
20,634 
2,03,801 
%age of 
the total 
area 
22 12 
36 13 
25 53 
6 07 
10 12 
99.97 
Affected 
population 
31,06141 
4,50,0274 
47,3016 
13,71543 
24,21,983 
1,61,35,808 
% of the 
total 
population 
19 25 
27 89 
29 32 
8 50 
1501 
99.97 
Unit Areas 
Phalodi, Shergarh, Osian, 
Bhopalgarh , Jodhpur, 
Bi lara , Lunkaransar, 
Bikaner , Kolayat and 
Nokha 
SardarShahar , Tara 
Nagar, Rajgarh, Churu, 
Sri Dungargarh, Ratan-
garh, Sujangarh, 
Ja isa lmer , Pokaran, 
Ahore, Jalore, Bhinmal, 
Sanchor , Raniwara, 
Fatehpur, Lachchman-
garh, Sikar, Danta 
Ramgarh, Sn Modhopur 
and Neem Ka Thana 
Shiv, Baytu, Pachpadra, 
Barmer, Chohtan, Gudha-
malani , Siwana, 
Jhunjhunu, Chirawa, 
Khetr i , Nawalgarh, 
Uda ipurwat i , Nagaur, 
Mer ta , Jayal , Ladnun, 
Didwana , Nawa, 
Parvatsar and Degana 
Jaitaran, Raipur, Sojat, 
Pall, Marwar Junction, 
Ball and Desuri 
Ganganagar , karanpur, 
SaduiShahar, Padampur, 
Raisingh Nagar, Aupgarh, 
Gharsana , VijaiNagar, 
Suratgarh, Sangana , 
Hanumangarh Piiibanga 
Rawatsar, Tibi, Nohar and 
Bhadra 
Source : Based on data obtained from India Meteorological Department, Pune 
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hazards. These tehsils are Shiv, Baytu, Pachpadra, Banner, Chohtan, 
Gudhamalani, Siwana, Jhunjhunu, Chirawa, Khetri, Nawalgarh, 
Udaipurwati, Nagaur, Merta, Jayal, Ladnun, Didwana, Nawa Parvatsar and 
Degana. It covers an area of 52,033 Sq.Km. i.e. 25.53 per cent of total 
area supports 47,31,016 persons i.e. 29.32 per cent of total population. 
There arc seven tehsils of western Rajasthan reporting low intensity of 
drought occurrence. These tehsils are Jaitaran, Raipur, Sojat, Pali, Marwar 
Junction, Bali and Desuri. it covers an area of 12,387 Sq.Km. i.e. 6.07 per 
cent of total area and consists 13,71,543 persons i.e. 8.50 per cent of total 
population of western Rajasthan. These unit areas are having low risk to 
vulnerability to desertification hazards. The remaining sixteen tehsils fall 
under very low percentage of drought occurrence. Therefore, these unit 
areas are having very low risk to desertification hazards. These unit areas 
are Ganganagar, Karanpur, Sadulshahar, Padampur, Raisinghnagar, 
Anupgarh, Gharsana, Vijainagar, Suratgarh, Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Tibi, Nohar and Bhadra. it covers an area of 20,634 
Sq.Km. i.e. 10.12 per cent of total area which consists 24,21,983 persons 
i.e. 15.01 per cent of total population of the study area (Fig. 15). 
Wind Velocity 
The measurement of wind speed is yet another indicator of 
desertification. The districts which experienced higher wind speed erode 
the land surfaces, and deposited sand at a much higher rate as compared 
to those having low wind speed. 
The wind speed in the Indian desert is generally recorded as very 
high at almost all the stations during the summer and monsoon seasons. 
Wind velocity is an important indicator of erosivity potential on the desert 
margins as well as within the desert to inflict desertification hazards on 
the narrow interdunal plains and other sandy plains. In western Rajasthan 
there is a westward increase in the erosivity in response to decreasing 
rainfall and increasing wind velocity. The climatic gradient in this region 
is from east to west. The potential of erodibility correspondingly cuts 
against this gradient. The lowest wind velocity is recorded during the post 
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monsoon period. The available data of wind velocity has been taken to 
assess the degradation of fertile lands due to removal of the top soil or the 
fertile land underlain by advancing or shifting sand dunes influenced by 
strong wind in the study area. 
The Indian desert experiences strong wind veliocity during the month 
of June and lightest in November. In hot season and during monsoon it 
blows from south westerly or westerly direction, passing through 
Jaisalmer and Phalodi upto eastern Rajasthan records highest wind 
velocity during summer season. Winds from both sides, that is north and 
south record lowest wind velocity (Appendix-IV). 
Many areas in the Indian desert are highly vulnerable to sand drift 
and sand accumulation by wind erosion or deposition because aerenosols 
are sandy, and dry for a long time during the year, having little or no 
vegetation cover between the trees and shrubs, and accordingly are 
exposed to wind action. The Indian desert is subject to many related 
aeolian processes, indicated for Instance, by active sand dunes, fixed 
dunes with barren sandy patches on their crest and sand sheet on sandy 
soils which may be modified by overgrazing or overcultivation and form 
sandy hillocks and residual sandy surfaces left by deflation of fine 
material. The highest wind velocity is recorded in Jaisalmer but the 
decrease is sharper towards the southern side. The district Jodhpur, 
Barmer and Jhunjhunu also record high windspeed. These districts are 
having high to very high risk of erodibility which leads to desertification. 
The sandy terrain of Barmer, Jaisalmer, Shergarh and Phalodi are under 
very high wind erosion index. The area to the southwest of Jaisalmer is 
under extremely high wind erosion index. The sandy terrain in these areas 
is highly vulnerable to reactivation. The reactivation of sand dunes shall 
not only be attributed to the winds, but more to the biotic interference 
through overgrazing. 
The data of mean annual wind velocity have been analysed to assess 
the vulnerability levels in the study area. The district Jaisalmer records 
highest wind velocity i.e. 14.1 Km/h (Appendix-IV). The pedogenic 
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characteristics of Jaisalmer is very weak in nature the whole tract is sandy 
and remains dry for long time during the year having sparse vegetation 
cover. The highest velocity of wind in such a weak natural ecosystem 
would render it more vulnerable to desertification hazards. District 
Jodhpur has recorded an annual 10.9 Km/hr. and comes under high degree 
of vulnerability whereas Jhunjhunu and Barmer come under medium 
category having recorded 10.2 Km/h and 9.5 Km/hr. Nagaur and Churu lie 
under low category and are less vulnerable to desertification. The 
remaining five districts namely Bikaner 7.7 Km/h. Pali 7.7 Km/hr. Jalore 
7.6 Km/hr. and Ganganagar 6.3 Km/hr. record very low mean annual wind 
velocity. These districts receive good rainfall and comparatively good 
vegetation cover to protect the soil. These lowest wind speed areas show 
low vulnerability to desertification. 
Water Balance 
This indicator is very important to express the spatial deficit of water 
balance in the study area which also leads to vulnerability to 
desertification. Mean annual water balance throughout the study region 
remains in varying degree of deficit. Annual mean water balance situation 
of districts Barmer, Bikaner, Churu, Ganganagar, Jaisalmer, Jalore, 
Jodhpur, Jhunjhunu, Nagaur, Pali and Sikar have been computed. These 
computation based on winter season (Dec.-Feb), Hot- weather season 
(March-June), Monsoon season (July-Sept.) and Post-Monsoon (Oct.-
Nov). It is ascertained the larger is the deficit in the unit areas greater is 
the vulnerability to desertification (Fig. 16-21). The data reveals the water 
balance situation in Barmer, Bikaner, Ganganagar, Jaisalmer and Jodhpur 
are having large to very large deficit and are having more risk to the 
vulnerability of land degradation (Appendix-VII). Whereas the data of 
weekly mean water balance during the summer period of districts Jalore, 
Jhunjhunu, Pali and Sikar had relatively large to very large surplus as 
compared to the western front of the region. Therefore, annual water 
balance deficit in these districts could be projected as low to very low and 
are having low to very low risk vulnerability to desertification (Fig. 22). 
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Water Availability Period 
Water availability period is also an important indicator to express the 
personality of the region. The areas having longer water availability 
period have a lower vulnerability to degradation whereas areas having 
shorter water availability period have more risk to the land degradation. 
Average annual water availability period in western Rajasthan ranges 
from 105 days to as low as 35 days (Fig. 23). Low to very low water 
availability period ranging from 70 to 35 days is found in Barmer, 
Ganganagar and Jaisalmer. Consequently, desertification in these districts 
in higher on the other hand Jalore and Pali in the south east have 
relatively high water availability period and Jhunjhunu and Sikar in the 
north-east have comparatively very high water availability periods. The 
desertification risk on this measure is low to very low along the eastern 
front. Further, the suitability status of different categories of water 
availability periods such as sub-moist, moist and humid which render 
resilience and stability to the environment against the forces of 
degradation has been studied for the monsoon period in western 
Rajasthan, Bikaner, Ganganagar and Jaisalmer experience sub-moist 
conditions even during the rainy season Pali and Sikar along the eastern 
flank are blessed with short humid periods during the monsoon. Therefore, 
desertification vulnerability is low in these areas. 
ii) Topographical Indicators 
Among the topographical Indicators, spatial dimension of 
desertification vulnerability has been estimated with reference to (i) 
Relative Relief, (ii) Rocky and Stony Wastes, (iii) Sand Dune Intensity, 
and (iv) Saline Depressions 
Relative Relief 
The physiography of western Rajasthan possesses true desertic 
features. This indicator has been taken to correlate the relative relief of 
different unit areas and risk to land degradation. 
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It is generally considered that areas of lower relief such as plains are 
having more risk to land degradation due to high terrestrial heating and 
intense aeolian activities as compared to areas of higher relief such as 
mountains. However, areas of higher relief are more subjected to the 
erosion of their soil layer due to gravity induced runoff. It has been seen 
that areas having lower relief are Naukh, Dewa, Ramgarh and Buili in 
•laisalmer district whereas Khaba, Jaisalmer, Fatehgarh, Lathi and Pokaran 
recorded slightly higher relief in the district. Another area having low 
relief is Gudhamalani and Chohtan whereas Shiv, Baytu and Banner have 
slightly higher relief. Another area of low relief is Rajgarh, Tara Nagar, 
Sardarshahar and Sri Dungargarh with an altitude of nearly 300 metre 
from the sea level. The district Jodhpur also comes under the category of 
moderate relief, some parts of Osian tehsil have 600 metre from the sea 
level. Some parts of Pachpadra, Siwana and Gudhamalani are having low 
relative relief. Western margin of Jalore district have low relief as 
compared to eastern margin. Some parts of Jaitaran, Sojat and Pali tehsil 
also have low relative relief as compared to eastern margin where relative 
relief is very high i.e. 600-900 metre from the sea level (Fig. 3). Except 
Ladnun and Jayal in Nagaur district, south eastern Churu, Jhunjhunu, 
Sikar and Nagaur are having high to very high relative relief. In the areas 
of hills and rocky uplands there is a risk of rill and gully erosion in the 
east, and the aeolian deposits along the foothills in the west. In the areas 
of rocky, gravelly pediments and pavements there is a risk of sheet to rill 
erosion. In the areas of sandy undulating hurried pediments, there is more 
risk of aeolian deposits. In the flat older alluvial plains there is a risk of 
sheet, rill and gully erosion, In some areas aeolian deposits are dominant. 
In the areas of sandy undulating older alluvial plains aeolian deposits are 
the dominant feature. It has been noted that in areas of having low relative 
relief erodibility is much higher due to pressure of livestock and human 
population. 
Rocky and Stony Wastes 
The areas of rocky and stony wastes in western Rajasthan indicate 
higher vulnerability to land deterioration because of dominant rill and 
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gully erosion in the eastern parts and aeolian deposits along the foothills 
in the Aravalli region. 
The major hilly tract of the Rajasthan desert is the Aravalli mountain 
ranges which lie along its eastern boundary and are composed of compact 
and hard metamorphic rocks such as quartzite, schists slate etc. In the 
Central Luni basin around Jalore, Siwana, Bujawar the hills are flanked 
by piedmont plain and are composed of thick colluvial debris derived from 
the adjoining hills. These plains are affected by severe wind and by slight 
to severe water hazards. There are also undulating buried pediments 
which occur around Ramgarh, Mohangarh, and to the east of Sikar 
district. These pediments affected by intense aeolian activities which 
created sand sheet and sand dunes. The rocky and stony wastes areas of 
.laisalmer, parts of Barmer, Pokaran, Bikaner and Bap sector are also 
having more risk to the vulnerability of land degradation. Higher 
percentage under this category shows more vulnerability. 
Sand Dune Intensity 
Land under this category shows unfavourable conditions for 
cultivation at different parts of western Rajasthan. Sand dunes in western 
Rajasthan are of different forms, magnitude and orientation. It has been 
studied that nearly 58 per cent of western Rajasthan is covered with sand 
dunes (Fig. 4). There are two major zones of sand dunes. The western 
most zone lies in western part of Barmer, Jaisalmer and Bikaner districts 
and is covered with high dunes with much reactivation along their crest 
and flanks. To the east of this zone another zone of high sand-dunes runs 
through the eastern parts of the Bikaner and Churu districts, separated by 
vast rocky tract of Jaisalmer, Pokaran, Bikaner, Bap sector, but they meet 
in the north of the Bikaner district and extend into Ganganagar districts. 
Another discontinuous belt of patches runs from Sanchor through 
Didwana, Lachmangarh and meets at Ratangarh and Churu area. The 
obstacle dunes formed by deposition of sand against the windward or 
leeward slopes. Parabolic and coalesced parabolic dunes are found in all 
the parts of the tract. Whereas longitudinal dunes occur mainly in the 
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western and southern parts of Jaisalmer and eastern parts of Banner, 
South-west of Jalore, North of Phalodi in Jodhpur and north-east of 
Nagaur. The transverse dunes mainly occur in western parts of Bikaner, 
east of Nagaur district and scattered in the Churu, Jhunjhunu, Jodhpur and 
Banner. The dunes are of 5 to 40 metres in height. In these areas aeolian; 
erosional and depositional hazards are dominant. Therefore, these areas 
have high to very high risk of desertification. 
Saline Depressions 
In the lowlands of western Rajasthan Saline soils are found in 
depressions or the 'Rann's. The nature of sediment is silt and clay mixed 
with aeolian sand, hard surface with saline environment. Agriculture in 
these areas does not succeed due to high degree of salinity and also due to 
very poor drainage. The saline depressions of different shapes and size are 
distributed in the desert. They mostly occur at Sambhar, Kuchman, 
Didwana, Lunkaransar, Jamsar, Bap, Thob, Pachpadra, Sanwarla and 
around Pokaran and Jaisalmer. In these areas salinity hazards are dominant 
and having very high vulnerability to desertification. 
iii) Hydrographic Indicators 
It includes surface drainage density, Ground water depth, Ground 
water quality, Area under saline water. These indicators have been taken 
to assess the vulnerability of the land to desertification in the study area. 
Surface Drainage Status 
The drainage pattern in western Rajasthan owes much to geological 
formation and climatic oscillations. The streams are mostly misfit and 
soon dieout in the desert areas due to alluvial suffocation. Surface 
drainage status in western Rajasthan have wide variation in different 
tracts. River Luni is the only organised drainage system in western 
Rajasthan. Luni rises in the Aravalli hills near Ajmer and is lost in the 
Rann of Kutch. The fairly recognisable drainage system constitutes the 
river luni and its tributaries Lilri, Mithri, Sukri, Guhia, Bandi, Jojri, 
Jawai, Rediya and Sagi which come into life during the short monsoon 
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period. Rest of the time their channels are dry. The Ghaggar, War, 
Saraswati, Niwai and Drishadvati originate from the Himalayan foot hills 
and drain the northern part of the arid tracts i.e. Ganganagar district and 
ultimately die-out in the Ghaggar alluvial plain near Hanumangarh. Kantly 
in Jhunjhunu district originate in lower Aravallis hills and How to north, 
ultimately to die out in sand dunes. The main rivers of the Luni are 
ephermals and remain dry in non-monsoonal period (Fig. 5). Stream flow 
is of very short duration. It has been reported that about one per cent area 
in north-west arid zone of Rajasthan is occupied by the canal network. 
The terrain of this zone is sandy in nature. Therefore, seepage losses are 
very high. At many places below the sand, subsurface barriers of clay and 
gypsum at varying depths are found which restrict vertical movement of 
water through them. In the western Rajasthan the maximum surface water 
potential is in the eastern zone which runs parallel to Aravalli mountain 
comprising the drainage basin of Luni river. Isohyet of western Rajasthan 
show a decrease towards east to west in the study area. The surface water 
resources are meagre at different unit of study, largely because of low and 
erratic rainfall, high infiltration losses and very poor drainage system. On 
the whole in western Rajasthan, there is no perennial river. All rivers, 
streams and rivulets entirely depend upon the amount and incidence of 
rainfall. A large proportion of rainfall goes back to atmosphere through 
evaporation and transpiration resulting in adequate replenishment of water 
resources and improper utilization of land. It has been found that there are 
many unit areas which are deficit in water balance situation due to low to 
very low drainage status in the study area. These areas are more fragile 
and having more risk to desertification hazards as compared to eastern 
front of the study area where drainage status is slightly better and these 
unit areas are having low risk to desertification hazards. 
Ground Water Depth 
An indicator has been taken to evaluate the quality of ground water at 
different depth. It shows that the occurrence of brakish water is relatively 
high in shallower wells as compared to medium to high depth of wells. 
This indicator also shows vulnerability to desertification hazards. 
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It has been observed that most of the shallower wells in western 
Rajasthan are associated with the palaeo-channels of the legendry 
saraswati. The survey of India Topographical sheets shows deep wells of 
permanent water table at an average depth of more than 115 metre are 
found in Bikaner, Kolayat and Nokha tehsiis of Bikaner district (Fig. 24). 
In Jodhpur district most of the deep wells are in PhaJodi and Osian tehsiis. 
Shiv tehsil of Banner district, Sardarshahar and Sri Dungargarh in Churu 
and Nagaur tehsil of Nagaur district are having low water table is at great 
water depth southward. In Jaisalmer district also, deep wells are at great 
depth in Toga, Sangar, Bhilani, Devika, Somliyai and Kapuri villages. In 
the Sangar village 19 metre deep well within 3 kilometres of 128 metres 
deep well.' The shallow wells are on the perched water table at the edge 
of the gravelly waste. In none of the locations of deep water wells there 
was any appreciable cover of natural vegetation. The perched water table 
becomes shallower southwards and westwards. Ratangarh, Tara Nagar and 
Churu tehsiis of the Churu district show shallow water at considerable 
depth. Rajagarh tehsil of Churu district has a preponderance of brakish 
water. The nature of depth of ground water in Churu is one of the major 
reasons of low percentage of vegetation cover. Another reason of scarcity 
in Churu may be the vast extent of sand dunes. Churu receives twice as 
much of mean annual rainfall as Jaisalmer and considerably higher rainfall 
than Barmer and Bikaner districts. Still, it has the most scanty vegetation 
cover largely due to the non-availability of the surface water and poor 
availability of the perched water. In Jaisalmer district the perched water 
table is associated with the rocky and gravelly wastes. There is a 
maximum fluctuation of water table in these areas in response to the 
annual co-efficient variation of rainfall. 
It was envisaged that the heterogeneity of shallow water table in 
similar meteorological and adjacent topographic situations may be the 
function of imperceptible slope differences. Closer topographic 
observations in the survey have confirmed that the wells on the concave 
1. Qureshi, S. Water Table Heterogeneity and the Ecosystem Diversity in Western 
Rajasthan, The Geographer, Vol. 46 No. 1, 1999, p. 46. 
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slopes are at appreciably shallower depths as compared to the convex 
slopes.2 In Jalore shallow wells are found along the Jawai and Sukri 
streams and 6 to 9 metre deep wells on the entirely hilly, rocky outcrops 
appear a contribution of catchment area seepage. In .lodhpur 9 metre deep 
wells on Golabar Ki Nadi an ephemeral stream and at Bhenaniyan Ki 
Dhani appear to be related with a shallow water horizon. In the Indira 
Gandhi Canal Command Area there has been a regular rise of water level 
at an annual rate of 0.75 m in Suratgarh, 0.62 m Hanumangarh, 0,58 m 
Sadulshahar, 0.35 m Nohar and 0.30 m in Bhadra Block. This trend is in 
conformity with the intensity of irrigation. In Churu district there is a 
trend of depletion in ground water level in Ratangarh, Sujangarh and Tara 
Nagar tehsils at the rate of 0.32 m to 0.68 m per year since 1984^. In 
Ganganagar and Hanumangarh areas of rising water table the ecosystem 
has experienced problems of drainage, water logging, loss of agricultural 
land and Malaria infestation. On the other hand, in the areas of lowering 
water table in Churu the ecosystems are facing problem of vegetation 
depletion and degeneration such as increased non-palatability of species 
and the induced erosion is leading to degradation of the land. It has been 
noted that in the extemely low rainfall areas of Jaisalmer there are 
vegetation patches of high density and greater species diversity along the 
palaeo-channels as compared to the areas of relatively higher rainfall 
quantum in Churu. Similarly, a relatively low rainfall concave slope 
sustain good vegetaiton patches as compared to the higher rainfall convex 
slopes.'^ It has been observed that, the ecosystem diversity in western 
Rajasthan could largely be attributed to the palaeo-channcl generated 
water table heterogeneity rather than the meteorological conditions. It has 
been analysed that deep seated permanent water tables are located in 
western margin of the study area as compared to eastern margin. The 
district Banner, Bikaner, Churu, Jaisalmer and Jodhpur are having more 
risk of vulnerability of the land as compared to Jhunjhunu, Sikar, Pali, 
2. ibid, p. 48 
3 Ibid, p. 48 
4. Ibid, p. 49 
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Jalore and Nagaur. The district Ganganagar and Hanumangarh are also 
having higher risk of its own situation of water logging, salinity, 
alkalinity, overcropping and marginalization. These areas are having more 
risk to desertification hazards. 
Ground Water Quality 
The quality of ground water in western Rajasthan deteriorates along 
with the decrease in precipitation towards north-west. An attempt has 
been made to assess the quality of ground water at different unit areas of 
western Rajasthan. 
The saline water in the arid zone is dominated by sodium and 
chloride ions. These saline waters are rich in bi-carbonate, sulphate and 
divalent cations. Based on the ground water investigation it has been 
reported that 1,25,000 Sq.Km. of area are having chlorides exceeding 
1000 ppm. In Barmer, Jaisalmer and Bikaner district the frequency of 
occurrence of high sodium absorbtion ratio (SAR) is more. An adverse 
effect of high sodium absorbtion ratio and high residual sodium carbonate 
in irrigation water is well known. 
Based on the data obtained from Rajasthan Ground Water Board, it 
has been analysed that 60.50 per cent area of western Rajasthan is 
dominated by saline water. It is evident that the districts having very low 
rainfall like Churu have 82.02 per cent, Bikaner 80.44 per cent 
Ganganagar 94.89 per cent, Barmer 75.89 per cent saline waters. But the 
increased salinity in Ganganagar is due to uneconomic and extensive use 
of canal irrigation. Similarly Jaisalmer 69.84 per cent, Jalore 69.64 per 
cent have high saline water infested areas. These saline waters are a 
potential hazard to intensification of desert like conditions in future. 
Along with rainfall, salinity of ground water is also affected by water 
table and hard crystalline and alluvial formation. Thus Pali 79.67 per cent, 
Jodhpur 72.99 per cent and Nagaur 69.91 per cent have most area under 
fresh water. 
The data shows that the district Pali, Sikar and Jhunjhunu are having 
low to very low saline water i.e. 3.62 to 21.87 per cent. Jodhpur and 
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Nagaur fall under low category 21.87 to 40.12 per cent. Three district of 
western Rajasthan i.e. Jaisalmer, Jalore and Barmer reported high 
percentage under saline water 58.38 to 76,63 per cent. Whereas Bikaner, 
Churu and Ganganagar have more than this figure i.e. 76.63 to 94.89 per 
cent (Table-22). Therefore, further desertification is imminent in these 
districts. The depletion of water levels in these regions have initiated 
ingress of saline waters from adjacent area which inturn has resulted in 
salinity of ground water. Therefore, these areas have more risk to 
desertification hazards. 
iv) Edaphic Indicators 
Edaphic Indicators are important to measure the inherent quality of 
land in their spatial context. Through these indicators an attempt has been 
made to evaluate the vulnerability to desertification hazards at different 
unit areas. 
Soil degradation means partial or total loss of productivity from the 
soil either quantitatively, qualitatively or both as a result of such 
processes as soil erosion by water or wind, salinization, waterlogging, 
depletion of plant nutrients and deterioration of soil structure. 
Among the Edaphic Indicators, spatial dimension of land degradation 
has been evaluated with reference to (i) Effective soil Depths (ii) Organic 
Matter (Humus levels) (iii) Nitrogen Concentration Levels (iv) Texture 
Structure Characteristics (v) Calcium Concretion Depth (vi) Soil Crust 
formations (vii) Salinity-Alkalinity Levels (viii) Soil Microbial 
Environment (ix) Soil Erodibility Levels and (x) Composite Fertility 
Status. 
Effective Soil Depths 
This indicator helps to evaluate the weakening of the land. It has 
been observed that the areas having shallow or thin soil depth are more 
vulnerable lands as compared to areas having deeper soil profiles. 
Spatial distribution of effective soil depth holds a general 
concurrence with nature of relief and the history of fluvial deposition as 
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Tablc-22 : Area of Having Saline Water in Western Rajasthan 
District 
Barmer 
Bikaner 
Churu 
Ganganagar 
Hanumangarh 
Jaisalmer 
Jalore 
Jodhpur 
Jhunjhunu 
Nagaur 
Pali 
Sikar 
Total Area 
Area of 
Saline water 
(In sq. km.) 
21,542.89 
21,915.07 
13,803.96 
10,410.58 
9,158.69 
26,819.25 
7,409.69 
6,171.78 
215.18 
5,331.34 
2,518.27 
333.24 
2,08,751 
% Area 
of having 
Saline water 
78.89 
80.44 
82.02 
94.84 
84.84 
69.84 
69.64 
27.01 
3.63 
30.09 
20.33 
4.31 
% Area 
of Indian 
desert 
10.31 
10.49 
6.61 
4.98 
4.38 
12.84 
3.54 
2.95 
0.10 
2.55 
1.20 
0.15 
53.56% 
Source : Ground water Atlas CAZRI, .lodhpur, 1982. 
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well as deflation in western Rajasthan. On an average soil profiles are not 
very deep except along the buried channels. Shallow soil depths render 
them highly suceptible to deflation as well as fluvial erosion. Along the 
hilly eastern fringe of the Aravalli ranges the effective soil depths are 
shallow. Thin soil cover has shown quick erosion losses on the steeper 
slopes in the eastern parts of Pali district in the wake of unprecedented 
deforestation. Effective soil depths are appreciably great in the valleys of 
the Luni river system in the districts of Jodhpur, Jalore and Pali as 
compared to Sagi and Jawai tributaries in Jalore. Soil in the broader 
valleys of these areas have higher sustainability. In the northern part of 
the Ghaggar basin in Ganganagar district the effective soil depth is more 
as compared to Jaisalmer and Barmer. Thin soil cover in Barmer, parts of 
Bikaner, Jaisalmer and Phalodi tehsil of Jodhpur which render themselves 
highly susceptible to desertification losses as they are not only shallow 
but coarse as well. Therefore, this indicator is an important indicator to 
measure the inherent quality of land in their spatial context. On the 
average the soil cover is thinner along the first order tributaries in the 
catchment basin. In the higher order streams downwards the soil depth 
increases. 
Organic Matter (Humus Levels) 
Organic matter levels are, by and large, low in the arid lands of 
western Rajasthan. It generally acts as an insulating as well as a binding 
agent in the soil. It has been studied that relatively higher levels of 
organic matter accounting to 0.3 per cent are noticed in Sikar and 
Jhunjhunu districts in the north-east. Very low humus levels ranging from 
0.09 to 0.12 per cent have been recorded in Barmer, Bikaner, Jaisalmer 
and Churu. This renders the soils highly vulnerable to desertification. 
Organic matters levels are appreciably high in Pali district also. Moderate 
concentrations of organic contents ranging from 0.15 to 0.2 per cent are 
found in Jodhpur and Nagaur districts. On a regional scale, organic matter 
levels in these soils rarely exceed 0.25 per cent except in sandsheet and 
sandy plains where it reaches upto 0.8 per cent. In the older alluvial soils 
247 
at some places the organic matter is 0.5 per cent in the coarse textured 
pockets and 0.8 per cent in the medium textured patches. The 
hydromorphic soils along the stream beds have generally highest organic 
matter content from 0.7 to 1.0 per cent in Pali district (Abichandani, 
1964). Areas having higher organic matter run low to very low 
vulnerability of land as compare to areas having low organic matter. 
Nitrogen Concentration 
Nitrogen concentration in the study area helps to furnish stability and 
virility to the plants to resist the processes of desertification. The unit 
areas with low nitrogen concentration exhibit higher risk to land 
degradation as compared to those having high nitrogen concentration. 
Nitrogen concentration in the soil are also meagre due to high 
temperature which tends to dissipate nitrogen.^ Nitrogen in the soils of the 
Indian desert holds a positive relationship with the incidence of rainfall 
and a negative relationship with the thermal regime. A very close 
correlation exists between nitrogen content and the soil texture. Clayey 
soils in the north-eastern parts in Jhunjhunu and Sikar have higher 
nitrogen contents than the coarse sandy soils of Barmer, Bikaner and 
Jaisalmer. Sloping undulating lands and soils poor in organic matter also 
have low nitrogen content (Raheja 1966).^ Total nitrogen content in these 
soils ranges between 0.02 per cent in Jaisalmer to 0.07 per cent in Sikar, 
Churu, Jalore, Jodhpur and Nagaur have moderate nitrogen 
concentrations. Soils of the eastern region having relatively better nitrogen 
contents are less vulnerable to desertification hazards. The western rim of 
low rainfall and high temperatures exhibits lower nitrogen concentration. 
Soil Texture-Structure Characteristics 
Soil texture is an important indicator to express personality of the 
region. The areas having coarse, sandy, structureless soils are having more 
5. Qureshi, S. Meteorological and Edaphic Indicators of Land Degradation in 
Western Rajasthan. Land Resource Management", Ed. A.L. Singh, B.R. 
Publishing Corporation, New Delhi, 1997, p. 401. 
6. Raheja, RC. Rajasthan Desert can Bloom with Forage, Indian Forming, Vol. 15, 
1966, p. 47. 
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risk to erosion as compared to areas having silt and clay in the 
study area. 
Soil texture characteristics also hold a close relationship with the 
vulnerability to desertification. The coarse sandy structureless soils are 
highly vulnerable to aeolian agencies of erosion.^ On the other hand, soils 
with a relatively higher admixture of silt and clay contents are cohesive 
and therefore, resistant to the process of desertification. In western 
Rajasthan the coarse texture-weak structure soils having thirty per cent 
coarse sand mixed with 1.5 per cent silt and nearly two per cent clay 
around in Barmer, Bikaner, Churu, Jaisalmer and South-western parts of 
.lodhpur. In most of these areas the soils are almost entirely covered by a 
thick mantle of blown sand which inhibits the soil growth (Ahmad 
1962)*^ - Most of the soils in Churu are aeolian in nature with coarse 
texture and weak structure which renders them highly vulnerable to 
desertification hazards. There is most widespread dune cover in Churu. 
Dune soils are single-grained, non-coherent, structureless and are, 
therefore, liable to further desertification. 
Calcium Concretion Depths 
This is also an important indicator to check the vulnerability of land 
in different unit areas of western Rajasthan. Presence of calcium 
concretion on the surface indicates higher risk of land degradation as 
compared to areas having calcium at greater depths. 
The soils in this category are generally calcarious whose depths vary 
according to the degree of leaching of calcium. The sub-surface 
accumulation of lime at many places occur at depths varying from 40 cm 
and in acute cases to 1.5 metre depth.^ The soils where calcium concretion 
7. Qureshi, S. Meteorological and Edaphic Indicators of Land Degradation in 
Western Rajasthan, Land Resource Management, Ed. A.L. Singh, B.R. Publishing 
Corporation, New Delhi, 1997, p. 402. 
8. Ahmad, A. Human Geography of the Indian Desert, Unpublished Ph.D. Thesis, 
Department of Geography, A.M.U., Aligarh, 1962. 
9. Qureshi, S. Meteorological and Edaphic Indicators of Land Degradation in 
Western Rajasthan, Land Resource Management, Ed. A.L. Singh, B.R. Publishing 
Corporation, New Delhi, 1997, p. 402. 
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layer is very close to the surface are more susceptible to desertification 
as agianst those where hard pans of lime are at considerable depth. In the 
soils of western Rajasthan there is a lack of alluvial horizon indicating the 
absence of any strong leaching effect'^. 
The older alluvium deposits are characterised by the presence of 
Kankar nodules of different degree of hardness. Thick layers of powdery 
deposits of limestone or gypsum and hard pans in concretionary nodule 
form are found at different locations of Palijalore and Jodhpur. The 
presence of concretionary form of deposits is largely attributed to the 
onset of drier climate and breakdown of biostatis which indicates a humid 
climate alternating with persistent spells of drought and promoting 
erosion. 
The calcium concretion layers are more commonly found in the drier 
and arid areas experiencing below 300 mm rainfall towards the western 
rim of the Indian desert. The powdery form of deposits of limestone are 
found in the semi-arid eastern parts of Pali and Jalore along the foothills 
of Aravallis. Powdery forms of gypsum crusts of 10-15 cm thickness 
which indicate a long dry past in the inland drainage basins of secondary 
order are found in the depressions." The flood plains of Luni and Mitri 
rivers are characterised by kankar pans at 40-150 cm depths. While in 
.lav/ai basin the soils do not show the kankar beds upto 200-250 cm 
depth.'^ The soils in Jawai basin are not liable to desertification hazards 
as compared to the soils of the Luni and Mitri basins. 
The Soil Crust Formations 
In this indicator an attempt has been made to assess the presence of 
phosphate in different unit areas. Presence of phosphate helps to improve 
I I 
0. Abichandani, C.T. Genesis, Morphology and Management of Arid Zone Soils, 
Proceedings of the Symposium on Problems of Indian Arid Zone, New Delhi, 
1964, pp. 122-128. 
Qureshi, S. Meteorological and Edaphic Indicators of Land Degradation in 
Western Rajasthan, Land Resource Management, Ed. A.L. Singh, B.R. Publishing 
Corporation, New Delhi, 1997, p. 402. 
Ibid 
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the hydraulic conductivity and organic matter content, presence of 
phosphate gives strength to the soil. Its spatial variation indicates the 
inherent potentiality of the land. 
The soil crust formation in the soils of western Rajasthan could be 
assigned to their inherent poverty in phosphorus. The phosphorus reserves 
are generally depleted in the arid soils. In the coarse-textured sandy soils 
of the western flank in Barmer, Bikaner, Ganganagar and Jaisalmer the 
phosphate Josses normally higher and the soil crust formation is quicker 
than in the comparatively heavy textured soils of the eastern flank in 
.Ihunjhunu, Sikar and Pali.'-^ 
The soil crust reduces water use efficiency and impedes the 
emergence of seedlings of several crops, particularly pulses, leading to 
sub-optimal cropstand. The crust impedance is commonly observed on 
drying after the rainshowers owing to soil particle re-orientation in the 
surface layer on the sandy soils under arid and semi-arid conditions. A 
good proportion of seeds on salt encrusted soils fail to germinate into 
seeding either because of hard seed coat or because of low moisture 
content and fast drying up of the shallow layer of the soil in the western 
sector. So presence of phosphate helps to improve the hydraulic 
conductivity and organic matter content. The presence of phosphate gives 
strength to the soil. Its spatial variation indicates the inherent vulnerability 
of the land. 
Salinity - Alkalinity Levels 
This indicator demonstrates the presence of soluble salts in the upper 
horizon of the soil. Such soils have high pH value and are unfavourable 
for cultivation. The higher percentage under this category shows 
vulnerability to desertification. It has been studied that the soils of 
western Rajasthan at several places are characterised by a high percentage 
of soluble salts in the upper horizon. 
in 13. Venkatesliwarlu J., Sen, A.K. and Gupta, J.P. Desertification and its Control 
the Thar, (Eds. Kar, A. Abichandani R.K. Ram, K.A. and Noshi D.C.), 
Perspectives on the Thar and the Karakun, Ministry of Science and Technologies, 
New Delhi, pp. 307-316. 
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The soils are saline or alkaline with unfavourable physical conditions 
and high pH value. pH value generally ranges from 7.2 and 9.2 and at 
several places it ranges between 8.1 and 8.8.''^ The problem of salinity 
holds a concurrence with the aridity index. As the aridity increases 
westward so does high salinity in Barmer, Bikaner and Ganga Nagar. This 
renders the soils highly vulnerable to desertification. Saline soils in this 
region contain large amount of neutral soluble salts which adversely affect 
plant growth. Plant growth in the injured alkali soils is adversely affected 
owing to the restricted movement of air and water through them. Alkali 
soils in Bikaner, Jodhpur, Jalore and Pali are inherently poor in organic 
matter and therefore, their ability to supply nitrogen is extremely limited. 
Acute salinity in western Rajasthan is fortunately a localised problem. 
However, there are two major tracts where salinity in the soils assumes 
unusual proportions. One region in the north-west in the flood plain of the 
old Ghaggar river system of Ganganagar, Hanumangarh and some parts of 
Churu and Bikaner. The second is in scattered saline patches in the south-
east in Jodhpur, Pali and Jalore. The problem of secondary salinization 
has acquired thretening dimensions in the Indira Gandhi CanaMpommand 
Area of Ganganagar, Hanumangarh and Bikaner. This leads the land 
highly susceptible to degradation. 
Soil Microbial Environment 
This indicator has been taken to assess the microbial activity in the 
upper horizon of soil. The microbial environment in the study area is very 
poor which also leads to the vulnerability of the land. Micro-organisms 
take part in the breakdown and decomposion of organic residues and 
buildup of soil humus. The mineral nutrients such as phosphorous, 
calcium, magnesium and potassium which are in the bound form in the 
organic matter are released into available form in the soil by micro-
organisms. In Barmer, Bikaner, Churu and Western parts of Jodhpur the 
14. Gehlot, A.K. and Sen, D.N. Effects of Different salts on seed Germination of 
Haloxylon Recurum (Moq) Bunge ex Bois, A Halophyte of Indian Arid Zone, 
Anna) of Arid Zone, Vol. 35 No. 2, 1996, pp. 61-64. 
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loose structureless sandy soils have excessive aeration and limited 
moisture. In these areas thermal regime is intolerable. Consequently, the 
microbial activity is very poor. The soils remain non-cohesive and the 
desertification hazard is great. As compared to this, the eastern Hank 
comprising the districts of Jhunjhunu, Sikar and Pali have a relatively 
moderate thermal regime and better soil moisture conditions. The sandy 
loam soils in the north-eastern parts comprising fine silt and upto 40 per 
cent clay in the lower layers possess a favourable aeration condition to 
promote the microbial activity. This renders the soil cohesive and less 
vulnerable to desertification. 
Soil Erodibility Levels 
In this indicator an attempt has been made to express soil erodibility 
level at different unit areas of western Rajasthan. Higher the erodibility 
levels of soils weaker is the soil resource. 
The soil erodibility depends upon the inherent soil characteristics 
such as texture, structure, organic matter concentration and crust 
formation. It is also a host of edaphic, topographic and meteorological 
conditions beside this, vegetation cover, nature of slope, wind velocity 
and incidence of rain also influence soil erodibility. The soils in the 
districts of Barmer and Jaisalmer in the South-west are distinctly sandy. 
The western most soils are known to contain 90-95 per cent sand, 5-7 per 
cent clay and 0.08-0.13 per cent organic matter level which is very 
meagre.'^ Consequently, these soils are highly erodible as well as 
vulnerable to desertification. In the north-east and south-east part of upper 
luni basin the soil characteristics are favourable. They are relatively more 
cohesive and less erodible. Areas of sandy soils have high basic 
erodability in western Rajasthan. Therefore, these areas have high to very 
high vulnerability to desertification. 
i5. Qureshi, S. Meteorological and Edaphic Indicators of Land Degradation in 
Western Rajasthan, Land Resource Management, Ed. A.L. Singh, B.R. Publishing 
Corporation, New Delhi, 1997, p. 405. 
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Composite Fertility Status of Soil 
This indicator shows a cumulative picture by measuring all the 
edaphic properties. Fertility status of soil displays sustainability of the 
study area. 
Composite soil fertility status of soil is not only a function of the 
physical properties like texture, structure and salinity but the organic 
matter levels, nitrogen concentration and the microbial environment 
largely categorise the soil fertility. The soils of western Rajasthan are 
generally low in fertility status. It is due to the arid condition prevailing 
in the region the organic matter rapidly gets decomposed reacting a low 
equilibrium value. The soils improve in fertility towards east and north-
east. Soils of Bikaner, Jaisalmer and Jodhpur constitute a vast sandy 
stretch interspersed by hill and rock out crops (Seth & Mehta, 1963).'^' 
The Dune soils generally have the lowest fertility level. In Sikar district 
the south-eastern tehsils of Sri Madhopur, Neem Ka Thana and Danta 
Ramgarh show soils in better texture and fertility. In the Fatehpur and 
Lachchmangarh tehsils the soils turn inferior with increasing percentage 
of total soluble salts (ICAR, 1977).'^ In Nagaur district the soil shows a 
distinct improvement in fertility from north to south. The Jayal, Ladnun 
and Didwana tehsils of Nagaur district have poorer soils. In the southern 
part of Degana, Merta and Parvatsar tehsils of Nagaur district a change 
from sand to light loam becomes more distinct. It has been seen that 
vulnerability to desertification is high at western margin particularly in 
Banner, Bikaner and Jaisalmer as compared to less vulnerable areas like 
.Ihunjhunu, Sikar, Pali and Jalore. 
v) Biotic Indicators 
Amongs the biotic indicators forest and Grass-cover, livestock 
pressure on land and the variation in livestock population have been 
16. Seth, S.P. and Mehta, K.M. Soils of the Indian Arid Zone, Annals of Arid Zone, 
Vol. 2, No. 1, 1963, pp. 61-68. 
17. ICAR, Desertification and its Control, Indian Council of Agricultural Research, 
New Delhi, 1977. 
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analysed. A very low percentage of forest cover in the study area shows 
the severity of the climate as well as soil poverty and its effect on natural 
vegetation. The density of livestock population at different tehsils of 
western Rajasthan are having positive correlation with rainfall. The 
density decreases from east and south east towards west and north-west 
along with the decrease of rainfall with the degenerating rangeland 
potential. 
As the climate becomes drier by high evaporation and less relative 
humidity content in atmosphere, the forest cover in the districts of 
Jaisalmer, Churu and Barmer does not exceed one per cent while 
remaining districts having little higher percentage under forest. Pali 
district in the Aravalli mountain region has a better forest cover. 
The whole Indian arid tract has recorded a shrinkage in the grazing 
lands on the one hand and an increase in the livestock population on the 
other. This has created an excessive livestock pressure on grazing lands. 
The depleting vegetal cover and decreasing land capability endanger the 
production potential of the land. After analysing the available data attempt 
has been made to examine the vulnerability levels in different districts of 
western Rajasthan. 
Forest Cover 
The percentage of plant cover is a powerful indicator of 
environmental stability and strength. Lands depleted by vegetation cover 
are more susceptible to degradation. 
In western Rajasthan Neem Ka Thana reported very high percentage 
of forest cover which covers an area of 1188.22 Sq.Km. i.e. 0.56% of 
western Rajasthan whereas only two tehsils of western Rajasthan come 
under high category these are Udaipurwati and Bali cover an area of 
2286.55 Sq.Km. i.e. 1.09 per cent of western Rajasthan (Table-3). The 
highest forest cover is an indicator of good meteorological set up and, 
therefore, it would be less vulnerable to desertification hazards. Another 
six tehsils of the study area lie under medium category these are 
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Anupgarh, Khetri, Desuri, Lachchmangarh, Sikar and Nawalgarh tehsils 
reported an area of 10,122.24 Sq.Km. i.e. 4.84 per cent. These tehsils 
would have moderate vulnerability to desertification hazards. There are 
nine tehsils of western Rajasthan, reported an area of 19,953.30 Sq.Km. 
i.e. 9.55 per cent of western Rajasthan. These are Bikaner, Ganganagar, 
Karanpur, Sadulshahar, Gharsana, Suratgarh, Raipur, Marwar Junction and 
Sri Madhopur. Whereas remaining fifty five tehsils of the study area falls 
under the category of very low forest cover. These are Shiv, Baytu, 
Pachpadra, Barmer, Chohtan, Gudhamalani, Siwana, Lunkaransar, 
Kolayat, Nokha, Sardarshahar, Taranagar, Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, Padampur, RaiSinghNagar, Vijai 
Nagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, Nohar, Bhadra, 
.laisalmer, Pokaran, Ahore, Jalore, Bhinmal, Sanchor, Raniwara, Phalodi, 
Shergarh, Osian, Bhopalgarh, Jodhpur, Bilara, Jhunjhunu, Chirawa, 
Nagaur, Merta, Ladnun, Didwana, Nawa, Parvatsar, Degana, Jayal, 
.laitaran, Sojat, Pali and Danta Ramgarh. These tehsils cover an area of 
1,75,200.69 Sq.Km. i.e. 83.92 per cent. These areas are having very high 
risk of vulnerability to desertification hazards (Fig. 25). 
Density of Livestock Population and Vulnerability to Desertification 
The pressure of livestock population on the grazing lands in western 
Rajasthan is considerably high. The result has been overgrazing and 
deterioration of the surface vegetation. These conditions are largely 
responsible for increased desertification hazards. In western Rajasthan 
having weak natural ecosystem and low carrying capacity, the increased 
pressure of livestock on the grazing lands has resulted in over-exploitation 
of biotic resources. There is also a menace to soil erosion leading to 
removal of surface vegetation and soil. It also leads to shifting of sands 
which encroach upon the existing settlements. The uncontrolled grazing 
causes a strong pressure on biotic resources which make desertification 
situation more serious. 
An attempt has been made to evaluate the livestock density per unit 
area as a pressure on the biotic production. The census of 1995 has been 
used (Table-6). 
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There are three tehsils of western Rajasthan recorded very high 
density of livestock population. These are Nawalgarh, Udaipurwati and 
Bali which cover an area of 2,971.52 Sq.Km. i.e. 1.42 per cent of total 
area. Another twelve tehsils come under the category of high density of 
livestock population. These unit areas are Chirawa, Nawa, Parvatsar, 
Jaitaran, Raipur, Pali, Marwar Junction, Desuri, Sikar, Danta Ramgarh, Sri 
Madhopur and Neem Ka Thana. These tehsils covers an area of 10591.13 
Sq.Km. i.e. 5.07 per cent of total area. Whereas another sixteen tehsils are 
under medium vulnerability of land. These tehsils are Chohtan, 
Ganganagar, Karanpur, Ahore, Jalore, Bhinmal, Raniwara, Shergarh, 
Bhopalgarh, Jodhpur, Bilara, Jhunjhunu, Khetri, Merta, Ladnun and 
Didwana. These cover an area of 33,403.07 Sq.Km. i.e. 16.0 per cent of 
total area. There are thirty four tehsils of the study area which lie under 
low category of density of livestock population, These are Baytu, 
Pachpadra, Barmer, Gudhamalani, Siwana, Bikaner, Nokha, Tara Nagar, 
Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, Sadulshahar, 
Padampur, Raisingh nagar, Anupgarh, Gharsana, VijaiNagar, Suratgarh, 
Sangaria, Hanumangarh, Pilibanga, Tibi, Nohar, Sanchor, Phalodi, Osian, 
Nagaur, Jayal, Degana, Sojat, Fatehpur and Lachchmangarh. These cover 
an area of 86,028.20 Sq.Km. i.e. 41.21 per cent of total area. The 
remaining eight tehsils fall under the category of very low density of 
livestock population. These tehsils covers an area of 75,757.08 Sq.Km. 
i.e. 36.29 per cent of total area. These tehsils are Shiv, Lunkaransar, 
Kolayat, Sardarshahar, Rawatsar, Tibi, Jaisalmer and Pokaran. The data 
reveals westward decrease in density with decrease in rainfall amount. 
The lower density of livestock in western front does not mean the lower 
vulnerability but risk is higher in the larger area which provides more land 
for grazing. The western front of the study areas economy is pastoralism 
oriented (Fig. 26). 
Growth in Livestock Population and Vulnerability to Desertification 
The livestock population of the Indian Desert has increased from 
13.4 million in 1956 to 23.2 million in 1977 and 22.53 million in 1995. 
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An attempt has been made to assess the vulnerability on the basis of 
growth in population of livestock (Appendix-IX). 
There is only one tehsil of the study area recorded very high growth 
in livestock population from 1977 to 1995 i.e. Bikaner (Table-7). This 
high variation of livestock population in Bikaner is showing backwardness 
and unfavourable condition for animal rearing. There is only one tehsil 
of the western Rajasthan under high category of variation of livestock 
population i.e. Kolayat. Twenty another tehsils lie in moderate category 
of growth of livestock. These are Chohtan, Sri Dungargarh, Sadulshahar, 
RaiSinghNagar, Gharsana, Vijai Nagar, Hanumangarh, Nohar, Pokaran, 
Ahore, Jalore, Sanchor, Jodhpur, Khelri, Merta, Parvatsar, Degana, 
Jaitaran, Neem Ka Thana and Chirawa. These unit areas covers an area of 
52,978.87 Sq.Km. i.e. 25.37 per cent of total area. Whereas forty six unit 
areas reported 1,36,954.45 Sq.Km. i.e. 65.60 per cent of total area. These 
unit areas are Shiv, Baytu, Pachpadra, Gudhamalani, Siwana, Nokha, 
Sardarshahar, Tara Nagar, Churu, Ratangarh, Sujangarh, Ganganagar, 
Karanpur, Padampur, Suratgarh, Sangaria, Pilibanga, Rawatsar, Tibi, 
Bhadra, Jaisalmer, Bhinmal, Raniwara, Phalodi, Shergarh, Osian, 
Bhopalgarh, Jhunjhunu, Nawalgarh, Nagaur, Jayal, Ladnun, Didwana, 
Raipur, Sojat, Pali, Bali, Desuri, Fatehpur, Lachchmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur and Neem Ka Thana. The remaining five tehsils 
fall under the category of very low growth of livestock population. These 
tehsils are Barmer, Anupgarh, Bilara, Udaipurwati and Nawa. These unit 
areas cover an area of 9,511.47 Sq.Km. i.e. 4.55 per cent of total area. The 
western front of the study area are having high to very high variation in 
livestock population. These areas render high to very high vulnerability to 
desertification hazards. The eastern front of the study area are having low 
to very low vulnerability to desertification (Fig. 27). 
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Demographic Indicators of Desertification 
Demographic structure of any region is of vital importance in 
understanding the man-land ratio and the land-use efficiency. In the 
developing regions the demographic scenario is often a major cause of the 
pressure of population. 
The indicators of human population pressure on land have been taken 
to assess the vulnerability levels in different unit areas of western 
Rajasthan. 
The increasing human population is a serious stress, particularly on 
the meagre vegetal resources of the desert. The trees and shrubs and even 
their roots are indiscriminately cut by the rural population for fuel. Thus, 
rendering the land vulnerable to erosion and degradation. The high 
population density also leads towards cultivation on the marginal lands 
which have declining crop productivity per unit area. However, the very 
low population density has also been a cause of desertification because 
land is not adequately taken care of in the years of natural calamity due to 
paucity of human resources. Low population means less human resources 
to restore the primary activities. In such areas, human resources are 
inadequate to manage the land and to protect and prevent the land from 
threats of desertification. In both the extreme cases, susceptibility of land 
towards the desertification will be higher. The economy of the Indian 
desert which is based mainly on agriculture, has not been able to keep 
pace with the fast growing population. With the increase in population 
there has been an overcrowding in agriculture, as the region lacks a 
diversified base. The situation is more revealing when we take man-land 
ratio and high proportion of labour force dependent on land. As a 
consequence there is a tendency of more and more land under the plough. 
Among the Demographic Indicators, Spatial dimension of the 
following has been analysed, (i) Population Density, (ii) Population 
Growth (iii) Sex-composition, (iv) Literacy Rates, (v) Rural and urban 
population (vi) Occupational structure (vii) Work participation. 
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(viii) Physiological Density (ix) Rural Density as Human Resource 
Availability, (x) Agricultural Density. 
i) Population Density 
Population distribution and density give an important insight in 
understanding the man-land ratio and the human resource availability. 
Rajasthan desert is one of the most thickly populated deserts of the world, 
and has an average density of eighty six person per square kilometre as 
compared with five person per square kilometer in most other desert 
regions of the world. Though, the variations in the densities of population 
do occur on account of topography, soils, the occurrence of minerals, 
accessibility and other socio-economic factors among which availability of 
water is most determining the distribution and density of population in the 
study area where, agriculture is a predominant occupation and mining is 
undeveloped. 
The data of 1995 has been analysed. Population density varies from 
below 50 persons per sq.km. to 360 persons per sq.km. There are three 
tchsils of western Rajasthan which have recorded very high density of 
population. These tehsils are Ganganagar, Nawalgarh and Sri Madhopur 
such, very high density areas comprise 3092.77 square kilometre i.e. 1.48 
per cent of total area and consist 9,98,789 persons which is 6.16 per cent 
of total population in the study area (Table-8). Similarly, Hanumangarh, 
Jhunjhunu, Chirawa, Khetri, Udaipurwati, Sikar and Neem ka Thana come 
under high category of density of population. These unit areas comprise 
an area of 9111.06 sq. km. i.e. 4.36 per cent of total reported area and 
consist 23,19,789 persons which is 14.31 per cent of the total population. 
There are thirteen other unit areas which lie in moderate category of 
density of population. These tehsils are Karanpur, Sadul Shahar, 
Padampur, Sangaria, Tibi, Didwana, Nawa, Parvatsar, Degana, Raipur, 
Fatehpur, Lachchmangarh and Danta Ramgarh. These tehsils reported an 
area of 15,705.38 square kilometre i.e. 7.52 per cent of total area and 
consist 25, 94,790 persons which is 16.07 per cent of total population in 
the study area. There are twenty seven another tehsils which lie in low 
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category of density of population. These unit area reported 54,904.34 
square kilometre i.e. 26.30 per cent of total area and consist 5,629,075 
persons i.e. 34.73 per cent of total population. These tehsils are Siwana, 
Rajgarh, Churu, Raisingh Nagar, Anupgarh, Vijainagar, Pilibanga, Nohar, 
Bhadra, Ahore, Jalore, Bhinmal, Sanchor, Raniwara, Bhopalgarh, Jodhpur, 
Bilara, Nagaur, Merta, Jayal, Ladnun, Jaitaran, Sojat, Pali, Marwar 
.lunction, Bali and Desuri. The remaining twenty three tehsils fall in very 
low category of density of population. These unit area are reported an area 
of 1,25,937.45 sq.km. i.e. 60.32 per cent of the total area of Indian desert 
which consist 46,62,228 persons i.e. 28.77 per cent of total population. 
These tehsils are Shiv, Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, 
Lunkaransar, Bikaner, Kalayat, Nokha, Sardarshahar, Taranagar, Sri 
Dungargarh, Ratangarh, Sujangarh, Gharsana, Suratgarh, Rawatsar, 
•laisalmer, Pokaran, Phalodi, Shergarh and Osian (Fig. 28). 
ii) Population Growth 
An attempt has been made to evaluate the spatial variation of growth 
gap in the study area. Rajasthan state continues to register high growth 
rate, even higher than the all India average i.e. 23.50 per cent in the year 
of 1991. Whereas, Arid West of Rajasthan has always shown larger than 
the corresponding increase as compared to the Semi-Arid and sub-humid 
regions. The western arid tract registered a decadal increase of over 39.03 
per cent during 1971-1981 and 33.82 per cent during the years of 1981-
1991. 
The highest growth of population in the region is partly due to 
improved agricultural technology and good infrastructural facility. 
However, the relative isolation of the region prevented the acceptance of 
the family planning programmes. This is one of the major reason for the 
rapid population growth in the region. 
The data of the year 1981 and 1995 have been used. Three tehsils of 
the study area recorded very high percentage of population growth gap. 
These tehsils are Bikaner, Nawa and Sri Madhopur covering an area of 
12,206.4 square kilometre. These tehsils lend themselves in the category 
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of very high variation between +54.77 per cent to (+) 87.84 per cent. 
Another ten unit areas come in high category of variation in population 
growth during the year of 1981 to 1995. This variation was in between (+) 
21.71 to (+) 54.77 per cent at different unit areas. These unit areas 
comprise 19872.80 sq.km. i.e. 9.51 per cent of the total area. These unit 
areas are Nohar, Jhunjhunu, Nagaur, Merta, Ladnun, Parvatsar, 
Lachchmangarh, Sikar, Danta Ramgarh and Neem Ka Thana. There are 
nine other tehsils of the study area having recorded moderate range of 
variation in population between (-) 11.33 to (+) 21.71 per cent. These 
areas comprise an area of 47,958.89 sq.km. i.e. 22.97 per cent of the total 
area. These tehsils are Jaisalmer, Pokaran, Bilara, Khetri, Tibi, Chirawa, 
Udaipurwati, Didwana and Degana. Whereas other thirty eight units lie in 
low category of variation in population which was in between (-) 44.41 to 
(-) 11.35 per cent. These tehsils are Baytu, Pachpadra, Barmer, Chohtan, 
Lunkaransar, Nokha, Taranagar, Churu, Sri Dungargarh, Ratangarh, 
Sujangarh, Ganga Nagar, Karanpur, Sadulshahar, Padampur, Raisingh 
Nagar, Anupgarh, Gharsana, Vijai Nagar, Suratgarh, Sangaria, Pilibanga, 
Ahore, Jalore, Bhinmal, Sanchor, Raniwara, Phalodi, Shergarh, Osian, 
Bhopalgarh, Jodhpur, Jayal, Raipur, Sojat, Marwar Junction, Bali and 
Fatehpur comprise an area of 93,384.57 sq.km. i.e. 44.73 per cent of the 
total area. Similarly, the remaining thirteen tehsils fall in very low 
category in the variation of population. These tehsils lie in between the 
range of (-) 77.48 to (-) 44.41 per cent. These tehsils comprise an area of 
35,328.6 sq.km. i.e. 16.95 per cent of the total area of western Rajasthan. 
These tehsils are Shiv, Gudhamalani, Siwana, Kolayat, Sardarshahar, 
Rajgarh, Hanumangarh, Rawatsar, Bhadra, Nawalgarh, .Taitaran, Pali and 
Desuri (Table-10). 
In the entire study area 1,73,850 sq.km. area of western Rajasthan 
recorded negative growth gap of population whereas only 34,170.43 
sq.km. of the study area recorded positive growth gap of population. 
The major factors which are responsible for the surprising growth 
rale are the widening gap between birth and death rates (natural growth) 
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and the migration. Immigration seems very less due to the absence of large 
scale industries and mineral production. Insptie of heavy push factor 
overcrowding is occurring on the already over-saturated lands. These-has 
not been much migration because of lack of pull factors like absorption of 
big industries and other job opportunities in urban areas. There are also 
various other factors like backwardness, poor means of communication, 
lack of social institutions such as joint family system, caste system, early 
marriage and illiteracy among the people. Improved medical care in recent 
times has greatly minimised mortality at birth and increased population. 
High variation in population growth also a cause of desertification hazards 
(Fig. 29). 
iii) Sex-Composition 
The indicator of sex ratio in the study area shows that those unit 
areas which have low sex ratio are economically under-developed because 
most of the male population emigrates to the more advanced urbanised 
areas, therefore, the ratio decreases. 
The data of the year 1995 has been analysed. There are ten units in 
the study area recorded very high sex ratio. These are Ahore, Ladnun, 
Didwana, Raipur, Sojat, Marwar Junction, Bali, Desuri, Fatehpur and 
Lachmangarh. Another twenty seven tehsils in western Rajasthan fall in 
the category of high sex ratio. These tehsils are Sardarshahar, Tara Nagar, 
Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, Jalore, Sanchor, 
Bhinmal, Raniwara, Osian, Bhopalgarh, Bilara, Jhunjhunu, Nawalgarh, 
Nagaur, Merta, Jayal Nawa, Parvatsar, Degana, Jaitaran, Sikar, Danta 
Ramgarh, Sri Madhopur and Udaipurwati. In the same way, twenty three 
unit areas are reported moderate sex-ratio. These are Baytu, Chohtan, 
Gudhamalani, Bikaner, Kolayat, Karanpur, Padampur, Raisingh Nagar, 
Gharsana, Vijai Nagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Phalodi, Shergarh, Chirawa, Khetri, Pali and Neem ka 
Thana. Whereas twelve tehsils of the study area recorded low to very low 
sex-ratio. These tehsils are Shiv, Barmer, Siwana, Lunkaransar, Nokha, 
Ganganagar, Sadulshahar, Anupgarh, Suratgarh, Pokaran, Jodhpur and 
.laisalmer (Fig. 30). 
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iv) Literacy Rates 
Literacy rate is very important indicator to assess the fertility pattern 
and economic development in the region. Although literacy is largely 
governed by socio-economic and behavioural conditions. The lower 
percentage of literacy rate can also be explained by climatic adversaries. 
The region always remains the victim of famines and droughts, hence the 
people are economically weak. They can not afford their children's 
education. Therefore, literacy rate is very low in arid tracts of the state. 
The literacy rate in Rajasthan was only 3.5 per cent is 1901, now it 
has increased to 38.55 per cent of total population (aged 7 years and 
above). In rural areas this proportion is about 30 per cent while in urban 
areas it works out to 65 per cent. 
The data of 1995 has been analysed (Fig. 31). There is one tehsil in 
the study area which lies in very high category of literacy rate i.e. 
Karanpur. This tehsil reported 57.66 per cent of literacy whereas another 
twelve tehsils come in high category of literacy rate. These tehsils are 
Churu, Ganganagar, Sadulshahar, Padampur, Raisingh Nagar, Vijai Nagar, 
Jodhpur, Chirawa, Pali, Sikar, Sri Madhopur and Neem ka Thana. These 
tehsil lie in between 39.65 to 48.64 per cent of literacy rates. Similarly, 
twenty nine tehsils of the study area lie in between 30.64 to 39.64 per cent 
of total literacy rates. These tehsils are Barmer, Sardarshahar, Rajgarh, 
Ratangarh, Sujangarh, Anupgarh, Suratgarh, Sangaria, Hanumangarh, 
Pilibanga, Nohar, Pokaran, Jhunjhunu, Khetri, Nawalgarh, Udaipurwati, 
Merta, Ladnun, Didwana, Nawa, Parvatsar, Jaitaran, Bali, Fatehpur, 
Lachchmangarh and Danta Ramgarh. Another eighteen tehsils of the study 
area fall in between 21.64 to 30.63 per cent of literacy rates. These tehsils 
lie in the category of low literacy. These are Shiv, Baytu, Pachpadra, 
Bikaner, Tara Nagar, SriDungargarh, Gharsana, Rawatsar, Tibi, Bhadra, 
.laisalmer, Ahore, Bhinmal, Bilara, Nagaur, Jayal, Degana and Desuri. The 
remaining eleven tehsils of the study area recorded very low literacy rates 
which was in between 12.64 to 21.63 per cent of literacy rates. These are 
Chohtan, Gudhamalani, Siwana, Lunkaransar, Kolayat, Nokha, Jalore, 
Sanchor, Raniwara, Phalodi, Shergarh, Osian and Bhopalgarh. 
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v) Rural and Urban Population 
Rural and urban population include a peculiar feature with respect to 
population density, degree of ethnic and cultural diversity and 
occupational and social stability. It has been analysed that nature of social 
group of totally different in the rural from the urban areas of the region. 
Western Rajasthan, predominantly is rural in its dwelling. According 
to data of 1995 Rajasthan state has registered about 74.22 per cent of total 
population to live in the villages, whereas urban area contains 25.78 per 
cent of total population of the Rajasthan (Fig. 32). 
There are twenty five tehsils of western Rajasthan recorded very high 
percentage of rural population, which ranges from 83 per cent to 97 per 
cent of the population. These tehsils are Chohtan, Tara Nagar, Rajgarh, 
Sadulshahar, Raisingh Nagar, Gharsana, Vijainagar, Tibi, Nohar, Bhadra, 
Pokaran, Jalore, Bhinmal, Sanchor, Phalodi, Khetri, Udaipurwati, Jayal, 
Didwana, Degana, Raipur, Marwar Junction, Danta Ramgarh, Sri 
Madhopur and Neem ka Thana. Twenty two tehsils recorded high 
percentages of rural population ranging from 69 per cent to 83 per cent. 
These tehsils are Banner, Sardarshahar, SriDungargarh, Karanpur, 
Padampur, Anupgarh, Suratgarh, Hanumangarh, Pilibanga, Rawatsar, 
.laisalmer, Chirawa, Nawalgarh, Nagaur, Merta, Ladnun, Nawa. Parvatsar. 
.laitaran, Bali, Desuri and Lachmangarh. The high percentage of rural 
population shows that the region's economy is rural oriented and stress of 
population on agricultural and the marginal land would be more. Another 
eight tehsils lie in moderate category of 56 per cent to 69 per cent. These 
are Baytu, Churu, Ratangarh, Sujangarh, Jhunjhunu, Pali and Fatehpur. 
The remaining Lunkaransar, Bikaner, Kolayat, Nokha, Jodhpur and Ganga 
Nagar are reported very low percentage of rural population. This low 
percentage of rural population indicates towards migration in the area. 
This migration is only due to lack of employment, fragility of the 
ecosystem and lack of infrastructural facilities. 
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Urban Population 
The growing urban population in Indian desert is the result of wide 
opportunity of jobs and other amenities. There is an occurrence of rapid 
migration from rural to urban areas in the wake of recurrent droughts. 
These migrants do not return to the vagaries of the rural economy. These 
are Bikaner, Nokha and Jodhpur reported very high percentage of urban 
population whereas Ganganagar and Sojat comes in high category of urban 
population. These are Gudhamalani, Tara Nagar, Rajgarh, Sadulshahar, 
Padampur, Raisingh Nagar, Gharsana, Vijainagar, Tibi, Nohar, Bhadra, 
Pokaran, Jalore, Bhinmal, Sanchor, Phalodi, Khetri, Udaipurwati, Jayal, 
Didv^ana, Degana, Raipur, Marwar Junction, Desuri, Danta Ramgarh, 
Ncem ka Thana, Sri Madhopur and Kolayat. The lowest urban share 
indicates that the region is highly under-developed, there is scarcity of job, 
lack of infrastructural facility and resources (Fig. 33). 
vi) Occupational Structure 
Occupational structure is an important indicator to measure the 
economic structure of the region. Higher percentage under primary 
occupation shows the region's economy is not only rural oriented 
depending on agriculture and pastoralism but also highly subsistence. The 
subsidence economy is more vulnerable and uncertain. 
The occupations in the region have been divided into three groups. 
Primary which employs about 69.9 per cent of total working population in 
the Indian Arid zone which shows that the regions economy is rural 
oriented deals agriculture, pastoralism etc. 
The workers engaged in primary sector are in different occupations. 
They include, cultivators, agricultural labourer and livestock allied 
workers. The variation in percentage of which are involved in primary 
sector is dependent upon availability of water resources, irrigational 
facilities and other related factors. The district Banner has registered very 
high proportion of population i.e. 84.15 per cent. Nagaur and Churu come 
under high category recorded 7.59 per cent and 76.95 per cent. Two 
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districts of western Rajasthan lie in medium category. These are 
Ganganagar which recorded 72.27 per cent and Pali recorded 71.07 per 
cent. There are remaining five districts falling under the category of very 
low proportion of population in primary sector. These are Jhunjhunu, 
65.02 per cent followed by Sikar 63.37 per cent, Bikaner 63.35 per cent, 
.laisalmer 62,74 per cent and Jodhpur 61.0 per cent (Appendix-XIII). 
Pastoralism is the main activity in those areas where the land, is not 
available for farming and water scarcity prevails in the region. The higher 
percentage of population shows the backwardness of the region and it is 
an indicator of underdeveloped economy. 
The proportion of the population involved in mining, quarrying, 
manufacturing, processing servicing, reparing in household industry, other 
than household industry, other than household and construction are 
included in secondary occupation. There are six districts of the study area 
reported very high proportion. These are Jodhpur 13.38 per cent followed 
by Bikaner, 13,23 per cent, Pali 13.07 per cent, Sikar 12.98 per cent, 
.laisalmer 12.70 per cent and Jhunjhunu 12.61 per cent. Two districts lie in 
low category. These are Nagaur 8.84 per cent and Ganganagar 7.74 per 
cent, whereas Churu and Barmer fall in the category of very low 
proportion of population i.e. 6.62 per cent and 5.94 per cent. 
The proportion of population in tertiary sector marked very high only 
in those areas where all the infrastructural facility are available and having 
good administrative set up. 
There are only three districts which marked very high proportion of 
population are involved in tertiary sector, these districts are Bikaner 12.06 
per cent, Jodhpur 10.87 per cent and Sikar 10.86 per cent. Whereas 
Ganganagar recorded 9.87 per cent. There are three districts lying in 
moderate category. These are Churu 8.67 per cent, Pali 8.54 per cent and 
Jhunjhunu 7.91 per cent. The remaining three districts fall in the category 
of very low proportion of population under tertiary sector, these are 
Jaisalmer, 7.01 per cent, Nagaur 6.82 per cent and Barmer 4.84 per cent. 
276 
vii) Work Participation 
An analysis of work participation is very helpful to measure the 
dependency ratio of a region. Low percentage under this indicator shows 
higher dependency ratio in the study area. 
Work may be defined as participation in any economically productive 
activity, such a participation may be physical or mental in nature. Work 
involves not only actual work but also effective supervision and direction 
of work. 
According to Census of India the workers falls into following groups 
(1) Main Workers, (2) Marginal Workers, (3) Non Workers. 
Main Workers 
The activity of main workers is defined into the following categories 
(1) Cultivators, (2) Agricultural Labourer, (3) Livestock, forestery, fishing, 
hunting and plantation orchards and allied activities, (4) Mining and 
quarrying, (5) Manufacturing, processing servicing and repairs - 5(a) 
Household industry, 5(b) Other than household industry, (6) Construction, 
(7) Trade and commerce, (8) Transport, storage and communication, (9) 
Other services. 
The data of 1995 has been analysed. It has been seen that there are 
seven unit areas of western Rajasthan which reported very high percentage 
of Main workers covering 35 per cent to 37.5 per cent (Fig. 34). These 
unit areas are Baytu, Chohtan, SriDungargarh, Ahore, Merta, Jayal, and 
Degana whereas Shiv, Lunkaransar, Bhopalgarh, Bilara, Ladnun, Jaitaran, 
Raipur and Sojat. Thirty tehsils lie under moderate category. These are 
Pachpadra, Barmer, Gudhamalani, Siwana, Bikaner, Kolayat, Rajgarh, 
Sujangarh, Ganganagar, Karanpur, Sadulshahar, Raisingh Nagar, 
Anupgarh, Gharsana, Vijainagar, Suratgarh, Tibi, Bhadra, Jaisalmer, 
.lalore, Bhinmal, Sanchor, Shergarh, Osian, Nagaur, Didwana, Nawa, 
Parvatsar and Desuri. Similarly, Nokha, Sardarshahar, Taranagar, 
Ratangarh, Padampur, Sangaria, Hanumangarh, Pilibanga, Rawatsar, 
Nohar, Pokaran, Phalodi, Jodhpur, Pali and Marwar Junction, Bali and 
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Fetehpur. These areas reported low percentage of main workers. The 
remaining Churu, Raniwara, Jhunjhunu, Chirawa, Khetri, Nawalgarh, 
Udaipurwati, Lachmangarh, Sikar, Danta Ramgarh, SriMadhopur and 
Neem ka Thana. These tehsils fall in very low percentage of population 
under this category. 
Agricultural Labourers 
The data of 1995 has been analysed. There are four unit areas in the 
study area which have reported very high percentage of population of 
agricultural labourer's. These tehsils are Ganganagar, Hanumangarh, 
.lalore and Bali whereas Tibi, Ahore, Merta and Desuri comes under high 
category of agricultural labourers. These unit areas are having good 
meteorological condition. Thirteen another tehsils lie in moderate 
category. These are Bikaner, Padampur, Raisinghnagar, Pilibanga, 
Bhinmal, Jodhpur, Bilara, Jhunjhunu, Parvatsar, Jaitaran, Sojat and 
Marwar Junction. Similarly, there are few other unit areas having reported 
low population of Agricultural Labourers. These unit areas are Siwana, 
Sujangarh, Sadulshahar, Anupgarh, Gharsana, Vijainagar, Suratgarh, 
Sangaria, Rawatsar, Jaisalmer, Sanchor, Raniwara, Phalodi, Shergarh, 
Osian, Bhopalgarh, Chirawa, Khetri, Nawalgarh, Udaipurwati, Nagaur, 
Nawa, Degana, Raipur, Pali, Lachchmangarh, Sikar, Danta Ramgarh, Sri 
Madhopur and Neem ka Thana. Similarly very low percentage of 
Agricultural Labourers recorded in Shiv, Baytu, Pachpadra, Banner, 
Chohtan, Gudhamalani, Lunkaransar, Kolayat, Nokha, Sardarshahar, 
Taranagar, Rajgarh, Churu, SriDungargarh, Ratangarh, Karanpur, Nohar, 
Bhadra, Pokaran, Jayal, Ladnun, Didwana and Fatehpur (Fig. 35). 
Cultivators 
In this category, there is only Nagaur tehsil recorded very high 
population whereas Gudhamalani, Bikaner, Sanchor, Jodhpur and 
Parvatsar comes in high category. Another twenty unit areas lie in 
moderate category of population of Agricultural labourers. These are 
Pachpadra, Barmer, Chohtan, Nokha, Rajgarh, Sri Dungargarh, Sujangarh, 
Bhadra, Bhinmal, Phalodi, Shergarh, Osian, Bhopalgarh, Jhunjhunu, 
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Chirawa, Khetri, Merta, Jayal, Didwana and Degana. Twenty four tehsils 
reported low population of cultivators. These are Shiv, Baytu, Siwana, 
Lunkaransar, Sardarshahar, Taranagar, Churu, Ratangarh, Suratgarh, 
Manumangarh, Nohar, Ahore, Jalore, Bilara, Ladnun, Nawa, Jaitaran, Bali, 
Fatehpur, Lachchmangarh, Danta, Ramgarh, Neem ka Thana, Rajgarh and 
Sri Madhopur. Similarly, twenty four another tehsils reported very low 
population of cultivators. These tehsils are Kolayat, Ganganagar, 
Karanpur, Sadulshahar, Padampur, Raisingh Nagar, Anupgarh, Gharsana, 
Vijai Nagar, Sangaria, Pilibanga, Rawatsar, Tibi, Jaisalmer, Pokaran, 
Raniwara, Nawalgarh, Udaipurwati, Raipur, Sojat, Pali, Marwar Junction 
and Desuri (Fig. 36). 
Marginal Workers 
Marginal workers are those who have worked any time in the year 
preceding the enumeration but have not worked for major part of the year. 
In other words, those who have worked any time at all in the year 
preceding the enumeration but the period for which they have worked is 
less than 183 days are categorised as marginal workers. Those who have 
worked for a major part of that year i.e. for 183 days or more are 
categorised as main workers. Thus 'other workers' can be either main 
workers or marginal workers. 
There is Raniwara tehsil of western Rajasthan which comes under the 
cateogory of having very high population of marginal workers. Another 
eight tehsils of the study area reported moderate population of marginal 
workers. These tehsils are Baytu, Gudhamalani, Taranagar, Karanpur, 
Nohar, Ahore, Udaipurwati and Fatehpur. Whereas another thirty eight 
unit area of western Rajasthan lie in low category of marginal workers. 
These tehsils are Shiv, Pachpadra, Barmer, Chohtan, Siwana, Lunkaransar, 
Kolayat, Nokha, Sardarshahar, Rajgarh, Churu, Sri Dungargarh, 
Ratangarh, Sujangarh, Raisingh Nagar, Anupgarh, Rawatsar, Tibi, Bhadra, 
Pokaran, Bhinmal, Sanchor, Phalodi, Shergarh, Bhopalgarh, Bilara, 
Jhunjhunu Chirawa, Khetri, Nagaur, Ladnun, Parvatsur, Degana, Jaitaran, 
Sojat, Marwar Junction and Lachmangarh. Similarly, twenty seven tehsils 
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fall under the category of very low population of marginal workers. These 
tehsils are Bikaner, Ganganagar, Sadulshahar, Padampur, Gharsana, 
Vijainagar, Suratgarh, Sangaria, Hanumangarh, Pilibanga, Jaisalmer, 
Jalore, Osian, Jodhpur, Nawalgarh, Merta, Jayal, Didwana, Nawa, Raipur, 
Pali, Bali, Desuri, Sikar, Danta Ramgarh, Sri Madhopur and Neem ka 
Thana (Fig. 37). 
These variations indicate that high marginal workers in the region 
create high dependency ratio over the region and those are having low 
proportion of marginal workers are having low dependency ratio. 
Non-Workers 
To distinguish between other workers and non-workers a reference to 
the definition of work would be relevent while the 'other workers' 
participated in an economically productive activity and thus did work, 
non-workers have never worked in connection with an economically 
productive activity any time at all in the year preceeding the enumeration. 
Non-workers can belong to one of the following seven categories : (1) 
Household duties, (2) Students, (3) Dependents, (4) Retired person, (5) 
Beggers, (6) Others. The working population of a region involves in the 
production of economic goods and services. 
The data of 1995 reveals that there are two unit areas of western 
Rajasthan which recorded very high population of non-workers which are 
Danta Ramgarh and Neem ka Thana, while Sardarshahar, Churu, 
Ratangarh, Ganganagar, Padampur, Gharsana, Vijainagar, Suratgarh, 
Sangaria, Hanumangarh, Pilibanga, Jaisalmer, Jodhpur, Jhunjhunu, 
Chirawa, Khetri, Udaipurwati, Nawa, Pali, Bali, Desuri, Lachchmangarh, 
Sikar and Sri Madhopur come under the high category of having non-
workers. Whereas thirty unit areas lie in moderate category of non-
workers. These tehsils are Shiv, Pachpadra, Siwana, Lunkaransar, Kolayat, 
Nokha, Rajgarh, Sujangarh, Sadulshahar, Anupgarh, Rawatsar, Tibi, 
Nohar, Bhadra, Pokaran, Jalore, Bhinmal, Sanchor, Phalodi, Shergarh, 
Osian, Nagaur, Merta, Ladnun, Didwana, Parvatsar, Jaitaran, Raipur, 
Soiat, Marwar Junction and Fatehpur. Similarly, Chohtan, Gudhamalani, 
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Taranagar, Sri Dungargarh, Karanpur, Raisingh Nagar, Bhopalgarh, Jayal 
and Degana falls in the category of low population of non-workers. The 
remaining five tehsils of the study area are reported very low population 
of non-workers. These are Baytu, Banner, Bikaner, Ahore, and Raniwara 
(Fig. 38). 
According to Census of 1991, two districts of western Rajasthan 
reported very high work participation ratio which are Banner 33.57 per 
cent and Nagaur 33.43 per cent whereas five districts of western Rajasthan 
have comparatively lower than above values. These are Pali 31.53 per 
cent, .lalore 31.25 per cent, Jodhpur 30.68 per cent, Ganganagar 30.45 per 
cent and Churu 30.0 per cent. Bikaner and Jaisalmer lie under moderate 
category registered 29.88 per cent and 29.48 per cent. The remaining two 
districts of Indian desert fall under very low category of work participation 
ratio i.e. Sikar 25.07 per cent and Jhunjhunu 24.41 per cent (Appendix-
XIII). 
The low percentage of work participation leads to higher dependency 
ratio in the region. There are various factors which are responsible for this 
low rate of work participation e.g. lack of female participation due to 
social restriction, high number of population between 0-19 years of age 
groups, illiteracy, low economic development, lack of infrastructural 
facilities, scarcity of water and government policy etc. 
It has been marked that work participation among females is high in 
urban areas as compared to rural area of the region. 
viii) Physiological Density 
Physiological density is a ratio between total population and total 
cultivated area and is expressed in terms of persons per square kilometre 
of cultivated land. This indicator has been taken to better evaluate the 
man-land ratio. There is Bali tehsil of Pali district which comes under very 
high category of physiological density reported 1439.80 sq.km. i.e. 0.6S 
per cent of the total area. Eight tehsils of the study area lie under moderate 
category these unit areas comprise 13,351.04 sq.km. i.e. 6.39 per cent of 
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total reported area (Table-23). These tehsils are Jodhpur, Khetri, 
Nawalgarh, Pali, Sikar, Sri Madhopur and Ganganagar. This high pressure 
per unit area world stress on over-cultivation of natural resources. There 
would be higher risk to deterioration of land. These weak natural life 
support systems are incapable to feed such a higher population. Therefore, 
there is a chance to over use of the natural ecosystems which would 
deplete our natural resources. 
There are fourteen unit areas which fall in the category of low 
physiological density. These are Bikaner, Jhunjhunu, Chirawa, Didwana, 
Hanumangarh, Nawa, Parvatsar, Raipur, Sojat, Marwar Junction, Desuri, 
Fatehpur, Lachchmangarh, Tibi and Danta Ramgarh covering an area of 
28,734.39 sq.kms. i.e. 13.76 per cent of the total area. Similarly Shiv, 
Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, Siwana, Lunkaransar, 
Koiayat, Nokha, Sardarshahar, Taranagar, Rajgarh, Churu, Sri Dungargarh, 
Ratangarh, Sujangarh, Karanpur, Sadulshahar, Padampur, Raisingh Nagar, 
Anupgarh, Gharsana, Vijai Nagar,Suratgarh, Sangaria, Pilibanga, 
Rawatsar, Nohar, Jaisalmer, Pokaran, Ahore, Jalore, Bhinmal, Sanchor, 
Raniwara, Phalodi, Shergarh, Osian, Bhopalgarh, Bilara, Udaipurwati, 
Nagaur, Merta, Jayal, Ladnun, Degana and Jaitaran fall in the category of 
very low physiological density. These areas arc reported 163225.77 sq.km. 
i.e. 78.19 per cent of the total area. These areas have very low availability 
of human resource to manitain the land and these are subjected to very 
high degradation of the land (Fig. 39). 
ix) Rural Density as Human Resource Availability 
Rural density as human resource availability is a better indicator of 
man-power availability for land management. Rural density has been taken 
to ascertain the adequacy or inadequacy levels of the human resource per 
unit area which would be a potential force to the cultivable lands as well 
as to other venues of land protection. The cultivable land comprises Net 
Sown Area, cultivable waste land and Fallow lands. This has been 
calculated by total rural population divided by total cultivable land. It has 
been estimated that there are five tehsils of the study area reporting very 
287 
Table-23 : Physiological Density (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Very low 
Total 
No. of 
Tehsils 
01 
Nil 
08 
14 
50 
73 
Area in 
Sq. Km. 
1439.80 
Nil 
13,351.04 
28,734.39 
1,63,225.77 
20,8751 
Percentage 
of the total 
area 
0.68 
Nil 
6.39 
13.76 
78.19 
99.04 
Unit Areas 
Bali 
-
Jodhpur, Khetri, Nawalgarh, Pali, 
Sikar, Sri Madhopur, Bhadra, 
Ganganagar 
Bikaner, Jhunjhunu, Chirawa, 
Didwana, Hanumangarh, Nawa, 
Parvatsar, Raipur,Sojat, Marwar 
Junction, Desuri, Fatehpur, 
Lachchmangarh, Tibi, Danta 
Ramgarh 
Shiv, Baytu, Pachpadra, Barmer, 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Kolayat, Nokha, 
Sardarshahar, Taranagar, Rajgarh, 
Churu, Sri Dungargarh, Ratangarh, 
Sujangarh, Karanpur, Sadulshahar, 
Padampur, Raisingh Nagar, 
Anupgarh, Gharsana, Vijai Nagar, 
Suratgarh, Sangaria, Pilibanga 
Rawatsar, Nohar, Jaisalmer, Pokaran, 
Ahore, Jalore, Bhinmal, Sanchor, 
Raniwara, Phalodi, Shergarh, Osian, 
Bhopalgarh, Bilara, Udaipurwati, 
Nagaur, Merta, Jayal, Ladnun, 
Degana, Jaitaran 
Source : District Handbooks, Department of Economics and Statistics, Jaipur, Govt, 
of Rajasthan. 
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high density of rural population. These tehsils are Vijainagar, Khetri,Bali, 
Sri Madhopur and Neem ka Thana. These tehsils are reported 6,301.75 
sq.km. i.e. 3.01 per cent of the total area (Table-24). Four tehsils 
registered high rural population reported an area of 5,382.41 sq.km. i.e. 
2.57 per cent of the total area. These tehsils are Rawatsar, Bhadra, 
Nawalgarh and Raipur. This high pressure of rural population on 
cultivable land shows the risk of excessive use of land. So there would be 
higher vulnerability level. The higher dominancy of rural population on 
cultivable land indicates the region's economy is agriculture oriented. 
There are ten tehsils which lie in moderate category. These unit areas are 
Ganganagar, Hanumangarh, Tibi, Jhunjhunu, Sikar and Danta Ramgarh 
covers an area of 12,826.28 sq.km. i.e. 6.14 per cent of the total area. 
There are twenty eight tehsils of the study area which fall under low 
category of Human resource availability. These tehsils are Rajgarh, Churu, 
Karanpur, Sadulshahar, Padampur, Raisingh Nagar, Anupgarh, Gharsana, 
Sangaria, Pilibanga, Ahore, Jalore, Sanchor, Raniwara, Bhopalgarh, 
.lodhpur, Bilara, Udaipurwati, Nagaur, Merta, Ladnun, Didwana, Parvatsar, 
Degana, Jaitaran, Sojat, Marwar .lunction and Fatehpur cover an area of 
59,339.96 sq.km. i.e. 28.42 per cent of the total area. 
Similarly Shiv, Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, 
Siwana, Lunkaransar, Bikaner, Kolayat, Nokha, Sardarshahar, Taranagar, 
Sri Dungargarh, Ratangarh, Sujangarh, Suratgarh, Nohar, .Taisalmer, 
Pokaran, Phalodi, Shergarh and Pali fall in very low category of human 
resource availability. These cover an area of 1,24,900.60 sq.km. i.e. 59.83 
per cent of the total area (Fig. 40). The data shows that there is inadequacy 
of human resource to manage and protect the land. This inadequacy of 
human resource is also a cause of vulnerability to desertification. 
x) Agricultural Density 
This indicator has been taken to assess the agricultural density in the 
region. It has been calculated by total agricultural population i.e. 
290 
Table-24 : Rural Density as Human Resource Availability (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Very low 
Total 
No. of 
Tehsils 
05 
04 
10 
28 
26 
73 
Area in 
Sq. Km. 
6,301 75 
5,382 4! 
12,826 28 
59,339 96 
1,24,900 60 
2,08,751 
Percentage 
of the total 
area 
301 
2 57 
6 14 
28 42 
59 83 
99.97 
Unit Areas 
Vijainagar, Khetri, Bali, Sri 
Madhopur, and Neem ka Thana 
Rawatsar, Bhadra, Nawalgarh and 
Raipur 
Ganga Nagar, Hanumangarh, Tibi, 
Jhunjhunu, Chirawa, Nawa, Desuri, 
Lachchmangarh, Sikar and Danta 
Ramgarh 
Rajgarh, Churu, Karanpur, 
Sadulshahar, Padampur, Raisingh 
Nagar, Anupgarh, Gharsana, 
Sangana, Pilibanga, Ahore, Jalore, 
Sanchor, Raniwara, Bhopalgarh, 
Jodhpur, Bilara, Udaipurwati, 
Nagaur, Merta, Ladnun, Didwana, 
Parvatsar, Degana, Jaitaran, Sojat, 
Marwar Junction and Fatehpur 
Shiv, Baytu, Pachpadra, Barmer, 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Bikaner, Kolayat, 
Nokha, Sardarshahar, Tara Nagar, 
Sri Dungargarh, Ratangarh, 
Sujangarh, Suratgarh, Nohar, 
Jaisalmer, Pokaran, Phalodi, 
Shergarh and Pali 
Source : District Handbooks, Department of Economics and Statistics, Jaipur, 
Govt ofRajasthan 
29 • 
WESTERN RA.JASTHAN 
R m a l Dens i ty as Hmnan R e s o u i c e Availability 
1 9 9 5 
I N D E X 
309-385 
40 0 40 80 
M i l l I I 
Kitis 
233-308 
157-232 
i ' I 82-156 
6-81 
Sounce: District Hand Books, Department of Economics &, Statistics, Ja5>ur, Govt, of Rajasthan 
Fig. 40 
292 
cultivators and agricultural labourers divided by Net Sown Area. The high 
pressure of agricutlural population on cultivated land indicates the 
dependency ratio on Net Sown Area. The data of the year 1995 shows that 
eastern unit areas of western Rajasthan registered higher agricultural 
density as compared to western unit areas. This eastward increase of 
agricultural population per unit of cultivated land is due to good climo-
edaphic conditions as compared to exceedingly barren and vulnerable 
western front of the study area. 
The high pressure of agricultural population on poor capability of 
cultivated land would be a more alarming situation to meet the growing 
demand of food. So there would be higher vulnerability level on such a 
land. 
There is Bali tehsil of Pali district which comes under very high 
category of Agricultural density reported 1439.80 sq.km. i.e. 0.68 per cent 
of the total area. There are Bhadra and Raipur tehsils which come under 
high category of agricultural density reported an area of 21819.14 sq.km. 
i.e. 1.35 per cent of the total area (Table-25). Another five tehsils are 
registered under moderate category. These tehsils are Khetri, Nawa, 
Desuri, Sri Madhopur and Neem ka Thana. These tehsils are reported an 
area of 6,852.01 sq.km. i.e. 3.28 per cent of the total area. There are 
twenty eight unit areas lying in the category of low agricultural density. 
These tehsils are Ganganagar, Sadulshahar, Anupgarh, Gharsana, 
Vijainagar, Sangaria, Hanumangarh, Pilibanga, Tibi, Ahore, Bhinmal, 
Raniwara, Bhopalgarh, Bilara, Jhunjhunu, Chirawa, Nawalgarh, Merta, 
Ladnun, Didwana, Parvatsar, Degana, Jaitaran, Marwar Junction, Fatehpur, 
Lachchmangarh, Sikar and Danta Ramgarh. These cover an area of 
39,037.06 sq.km. i.e. 18.70 per cent of the total area. Similarly, there are 
thirty five unit areas which fall in the category of very low agricultural 
density. These cover an area of 1,58,603 sq.km. i.e. 75.97 per cent of the 
total area. These unit areas are Shiv, Baytu, Pachpadra, Barmer, Chohtan, 
Gudhamalani, Siwana, Lunkaransar, Bikaner, Kolayat, Nokha, 
Sardarshahar, Taranagar, Rajgarh, Churu, SriDungargarh, Ratangarh, 
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Table-25 : Agricultural Density (1995) 
Intensity 
Very High 
High 
Medium 
Low 
Very low 
Total 
No. of 
Tehsils 
01 
02 
05 
28 
35 
73 
Area in 
Sq. Km. 
1,439.80 
2,819.14 
6,852.00 
39,037.06 
1,58,603.0 
20,8751 
Percentage 
of the total 
area 
0.68 
1.35 
3.28 
18.70 
75.97 
100.00 
Unit Areas 
Bali 
Bhadra and Raipur 
Khetri, Nawa, Desuri, Sri Madhopur 
and Neem ka Thana 
Ganga Nagar, Sadulshahar, 
Anupgarh, Gharsana, Vijai Nagar, 
Sangaria, Hanumangarh, Pilibanga, 
Tibi, Ahore, Bhinwal, Raniwara, 
Bhopalgarh, Bilara, Jhunjhunu, 
Chirawa, Nawalgarh, Merta, 
Ladnun, Didwana, Parvatsar, 
Degana, Jaitaran, Marwar Junction, 
Fatehpur, Lachchmangarh, Sikar and 
Danta Ramgarh 
Shiv, Baytu, Pachpadra, Barmer, 
Chohtan, Gudhamalani, Siwana, 
Lunkaransar, Bikaner, Kolayat, 
Nokha, Sardarshahar, Tara Nagar, 
Rajgarh, Churu, Sri Dungargarh, 
Ratangarh, Sujangarh, Karanpur, 
Padampur, Suratgarh, Rawatsar, 
Nohar, Jaisalmer, Pokaran, Jalorc, 
Phalodi, Shergarh, Osian, Jodhpur, 
Udaipurwati, Nagaur, Jayal, Sojat 
and Pali. 
Source : District Handbooks, Department of Economics and Statistics, Jaipur, Govt, 
of Rajasthan. 
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Sujangarh, Rawatsar, Nohar, Jaisalmer, Pokaran, Jalore, Phalodi, Shergarh, 
Osian, Jodhpur, Udaipurwati, Nagaur, Jayal, Sojat and Pali (Fig. 41). 
These lowest agricultural densities are inadequate to manage the land 
properly under conditions of droughts. Therefore, under population is also 
a cause of vulnerability to desertification hazards. 
\YESTERN RAJASTHAN 
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Chapter - 9 
LAND-USE INDICATORS OF 
DESERTIFICATION 
) Uncultivable Land 
i) Culturable Waste Land 
ii) Fallow Land 
v) Current Fallow Land 
v) Net Sown Area 
vi) Area Sown More Than Once 
vii) Grazing and Pasture Land 
viii) Irrigated Area 
ix) Dry Land Farming Area 
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Land-Use Indicators of Desertification 
The indicators of land use liave been taken to show the total 
percentage and hectarage change of land use under different categories in 
order to estimate the changing landuse pressures. Land occupance under 
culturable wastes, old fallow and current fallow etc. has been examined 
over a time span. More than half of the land is accounted for current 
fallow, old fallow, culturable wastes and uncultivable barren lands. By 
taking these indicators an attempt has been made to measure the health of 
the soil environment. The tehsil wise break up of the land use figures 
reveals regional disparties and vulnerability levels within the desert. 
The assessment has been made by taking hectarage change of the 
following indicators during 1981-1995. 
(i) Uncultivable land, (ii) Culturable waste land, (iii) Fallow land, (iv) 
Current fallow land, (v) Net sown area, (vi) Area sown more than once, 
(vii) Grazing and pasture land, (viii) Irrigated area and, (iv) Dry farming 
area. 
i) Uncultivable Land 
This indicator comprises land which are absolutely barren and 
uncultivable, the land under settlement, roads, water bodies, mining spots 
etc. whereas Barren and uncultivated land includes where cultivation can 
not done such as dune infested areas, saline beds, hills, rocky outcrops, 
river beds, gravels and sandy plains. The maximum percentage under this 
category shows higher vulnerability of the land to the natural process of 
degradation. 
Five tehsils of the study area have reported a decrease of-71,468 
hectares of land i.e. 37.80 per cent of total decreased area under 
uncultivable land. In other words, there is a rise in the extent of 
marginalization over these lands. These tehsils are Banner, Jaisalmer, 
Bhinmal, Pali and Neem ka Thana. These unit areas come under very high 
category of decrease in uncultivable land. Another four tehsils come under 
the category of high decrease in uncultivable land. These tehsils are 
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Anupgarh, Pokaran, Bilara and Bali. These unit areas reported a decrease 
of- 36,235 hectares i.e. 19.16 per cent of total decreased area (Table-26). 
This high to very high decrease of uncultivable land shows that 
some of the areas may have gone to irrigation also. It is also suggests that 
land use pressure is encroaching towards less suitable areas which is also 
an indicator of vulnerability to desertification hazards. 
There are four tehsils of the study area which reported a decrease 
o f - 32,840 hectares i.e. 17.36 per cent of total negative growth. These 
tehsils are Lunkaransar, Bikaner, Nohar and Osian. These unit areas lie 
under moderate category. Whereas another six tehsils come under low 
category of decreased area under uncultivable land. These tehsils are 
Chohtan, Kolayat, Suratgarh, Khetri, Sikar and Sri Madhopur reported an 
area of (-) 30,016 hectares i.e. 15.87 per cent of total negative growth of 
uncultivable land. Another nineteen tehsils of the study area lie udner very 
low category of negative growth of uncultivable land. These tehsils are 
Pachpadra, Siwana, Nohar, SriDungargarh, Sujangarh, Raisingh Nagar, 
Hanumangarh, Bhadra, Jalore, Sanchor, Phalodi, Shergarh, Jodhpur, 
Merta, Jaitaran, Raipur, Sojat, Desuri and Danta Ramgarh. These unit 
areas reported an area of (-) 18,508 hectares of land under uncultivable 
land. This low to very low negative growth in hectarage of uncultivable 
land measures that there is growth of build up area and more areas are 
brought under the cultivation due to recent availability of irrigation 
facilities and other inputs. In changed cultivation practices and crops, the 
evolved ecosystem remains fragile and vulnerable due to harsh 
environment around it and an artificial means of moisture. In this way, 
again vulnerability to desertification is higher. 
On the other hand there are three tehsils of the study area which 
reported very high positive growth of uncultivable land. These tehsils are 
Shiv, Tibi and Marwar Junction. In these unit areas, there is an increase of 
(+) 31,318 hectares of uncultivable land. Whereas remaining thirty two 
tehsils lie under the high category of positive growth of uncultivable land. 
These units reported an area of +18,508 hectares of uncultivable land. 
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Table-26 : Hectarage Change in Uncultivable Land (1981-1995) 
Intcnsit) 
Negative 
Growth 
Very High 
High 
Medium 
Low 
Very Low 
Positive 
Ciowth 
Veryhigh 
High 
Total 
No. of 
Tchsils 
05 
04 
04 
06 
19 
38 
03 
32 
35 
73 
Uncultivable Land 
Area (ha) 
(-) 71,468 
(-) 36,235 
(-) 32,840 
(-) 30,016 
(-) 18,508 
(-) 1,89,067 
+31,318 
+ 18,508 
+49,826 
-1,39,241 
Percentage 
(-) 37 80 
(-) 19 16 
(-) 17 36 
(-) 15 875 
(-) 9 78 
100.00 
+ 1656 
+9 79 
+26.35 
-73.65 
Unit Areas 
Banner, Jaisalmer, Bhinmal, Pali and 
Neem Ka Thana 
Anupgarh, Pokaran, Bilara and Bah 
Lunkaransar, Bikaner, Nohar and Osian 
Chohtan, Kolayat, Suratgarh, Khetri, 
Sikar and Sri Madhopur 
Pachpadra, Siwana, Nohar, Sri 
Dungargarh, Sujangarh, Jalore, Sanchor, 
Phalodi, Shergarh, Jodhpur, Merta, 
Jaitaran, Raipur, Sojat Desuri and Danta 
Ramgarh 
Shiv, Tibi and Marwar Junction 
Baytu, Gudhamalani, Sardarshahar, Tara 
Nagar, Rajgarh, Churu, Ratangarh, 
GangaNagar, Karanpur, SaduiShahar, 
Padampur, Gharsana, Vijainagar, 
Sangana, Pilibanga, Rawatsar, Ahore, 
Raniwara, Bhopalgarh, Jhunjhunu, 
Chirawa, Nawalgarh, Udaipurwati, 
Nagaur, Jayal, Ladnun, Didwana, Nawa, 
Parvatsar, Degana, Fatehpur and 
Lachchmangarh 
Source : Distiict Hand Books, Department of Economic and Statistics, Jaipur, Govt of 
Rajasthan 
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These tehsils are Baytu, Gudhamalani, Sardarshahar, Tara Nagar, Rajgarh, 
Churu, Ratangarh, Ganga Nagar, Karanpur, Sadulshahar, Padampur, 
Gharsana, Vijai Nagar, Sangaria, Pilibanga, Rawatsar, Ahore, Raniwara, 
Bhopalgarh, Jhunjhunu, Chirawa, Nawalgarh, Udaipurwati, Nagaur, .loyal, 
Ladnun, Didwana, Nawa, Parvatsar, Degana, Fatehpur and 
Lachchmangarh. 
The total increased area under uncultivable land is +49,826 
hectares i.e. 26.35 per cent of total decreased area of uncultivable land 
(Fig. 42). The positive growth of uncultivable land shows adverse land use 
practices and bad management. An increased area of uncultivable in Ganga 
Nagar district during 1981-1995 is due to waterlogging, salt encrustation, 
salinity and alkalinity. It may be said that decrease in irrigated areas due 
to some reasons of drying up of wells because of lowering water table also 
caused the growth of uncultivable land. Therefore, in these areas 
vulnerability to desertification is higher. 
ii) Culturable Waste Land 
Land under this category are cultivable but are not cultivated due 
to physical, socio-economic, demographic and agronomic hinderences. 
Deep rooted grasses, weeds, salinity and alkalinity are responsible for 
deteriorating the cultivable land. The western front of western Rajasthan 
reported higher percentage under this category due to the presence of the 
sand dunes, absence of irrigation facilities and the infertile soil. 
In the entire study area the total decrease in culturable wastes 
during 1981-1995 has been nearly (-) 7,62,133 hectares. The hypothesis 
is that if the extent of culturable waste land has decreased it suggests the 
corresponding signs of marginalization. It means the land use pressure is 
encroaching towards the less suitable or vulnerable lands which is agai/i 
an indication of desertification risk. 
In the study area very high decreased hectarage in culturable waste 
land accounting to nearly (-) 3,46,859 hectares i.e. 45.11 per cent is 
reported in Bikaner and Lunkaransar tehsils of the Bikaner district. This 
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negative growth of hectarage under the category of culturable waste lands 
largely is due to expanding irrigation farming particularly in the Indira 
Gandhi Canal Command Area. Thus a negative growth in culturable waste 
is both a sign of amelioration as well as deterioration of the environment, 
lliere are four tehsils of western Rajasthan which reported a negative 
growth of culturable waste land i.e. -2,34,321 hectares which is 30.74 per 
cent of total decreased hectarage under culturable waste land. These 
tehsils are Shiv, Barmer, Kolayat and Jaisalmer. These unit areas lie under 
low category. Another forty three tehsils of the study area reported very 
low negative growth of hectarage under this category. These tehsils are 
Pachpadra, Nokha, Sardarshahar, TaraNagar, SriDungargarh, Churu, 
Ratangarh, Sujangarh, Ganganagar, Karanpur, Padampur, Raising Nagar, 
Anupgarh, Tibi, Pokaran, Raniwara, Jodhpur, Jhunjhunu, Chirawa, Khetri, 
Sikar, Nagaur, Merta, Jayal, Ladnun, Didwana, Nawa, Parvatsar, Degana, 
•laitaran, Raipur, Sojat, Pali, Marwar Junction, Bali, Desuri, Fatehpur, 
Lachchmangarh, Danta Ramgarh, Sri Madhopur and Neem ka Thana. 
These tehsils have reported -1,80,953 hectares i.e. 23.74 per cent of total 
decreased hectarage of culturable waste lands (Table-16). 
On the otherhand there are twenty four tehsils of the study area 
which reported positive growth in hectarage of culturable waste lands. 
These tehsils are Baytu, Chohtan, Gudhamalani, Siwana, Rajgarh, 
Sadulshahar, Gharsana, Suratgarh, Vijai Nagar, Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Nohar, Bhadra, Ahore, Jalore, Bhinmal, Phalodi, 
Shergarh, Bhopalgarh, Bilara, Sanchor, Nawalgarh and Udaipurwati. These 
unit areas reported an increase of +39,869 hectares of land under the 
category of culturable waste land i.e. 5.23 per cent of total hectarage 
change in the study area (Fig. 43), However, the increase of culturable 
wastes in a few unit areas is suggestive of the situation where some dry 
farming areas have become economically redundant due to rising costs and 
uncertainities in competition with the remunerative irrigated areas which 
are more stable. Such redundant dry farming areas may have been reduced 
to culturable wastes. An increase of hectarage under this category is 
having positive correlation with vulnerability to desertification hazards. 
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iii) Fallow Land 
Land under this head includes agricultural land left uncultivated for 
want of infrastructural facilities as well as weather inclemencies. The 
hcctaragc change in this category indicates the potentiality of land at 
different unit areas of western Rajasthan. The data of 1981-1995 has been 
analysed. It is seen that hectarage change under fallow land has been 
decreased to nearly -10,87,199 hectares. In the same way in few unit areas 
an increase of +3,29,190 hectares of fallow land have been reported 
(Table-15). 
The practice of fallowing in the arid lands is largely associated 
vv-ith the rainfall uncertainities and dry farming practices. The negative 
growth in the fallow land is a sure sign of marginalisation and land 
degradation in the areas dominated by dry land agriculture. This is a useful 
measure of the extent of desertification. Because fallowing is largely 
associated with dry farming practices, a decrease in fallow land is a 
reflection of adverse land management. The decrease in fallow land 
associated with irrigation farming is an indicator of improved land 
management. It has been hypothesized that negative growth of fallow land 
suggests marginalisation and therefore, it is an important indicator of land 
degradation. So an element of marginalisation and consequent land 
degradation could be observed through a change in the areal extent of the 
fallow lands. 
It has been analysed that Banner tehsil reported a very high 
negative growth under fallow land covering an area of-1,94,542 hectares 
i.e. 17.89 per cent of total decreased area. Whereas another six tehsils lie 
under low category of decreased area. These tehsils are Anupgarh, 
Gharsana, Suratgarh, Bhinmal, Bilara and Pali. These unit areas reproted a 
decrease of -3,58,005 hectares i.e. 32.92 per cent of total negative growth 
of the fallow land in the study area. There are forty five tehsils of western 
Rajasthan which reported a negative growth of fallow land. These unit 
areas are Baytu, Pachpadra, Chohtan, Gudhamalani, Kolayat, Nokha, 
Sardarshahar, Churu, Sri Dungargarh, Ratangarh, Sujangarh, Saduishahar, 
304 
Raisingh Nagar, Vijai Nagar, Sangaria, Hanumangarh, Nohar, Ahore, 
Jalore, Sanchor, Bhopalgarh, Jodhpur, Chirawa, Nawalgarh, Udaipurwati, 
Nagaur, Merta, Jayal, Ladnun, Nawa, Parvatsar, Degana, Desuri, Jaitaran, 
Raipur, Sojal, Marwar Junction, Bali, Falehpur, Lachchmangarh, Sikar, 
Danta Ramgarh, Sri Madhopur and Neem i<.a Thana. 
On the other hand Phalodi tehsil of district Jodhpur reported 
positive growth of fallow land. It has reported +1,69,132 hectares of land 
i.e. 15.47 per cent of total hectarage change in fallow land. Whereas 
another twenty tehsils of the study area lie under very low category of 
increased area in fallow land. These areas have reported +160,055 hectares 
of land i.e. 14.72 per cent of total hectarage change in fallow land. These 
tehsils are Shiv, Siwana, Lunkaransar, Bikaner, Tara Nagar, Rajgarh, 
Ganganagar, Karanpur, Pilibanga, Rawatsar, Tibi, Bhadra, Jaisalmer, 
Pokaran, Raniwara, Shergarh, Bhopalgarh, Jhunjhunu, Khetri and Didwana 
(Fig. 44). 
iv) Current Fallow Land 
Current fallow land includes, the land which is left uncultivated for 
a season in the irrigated farming areas and for a year in the dry farming 
areas. High percentage of current fallow indicates that the soils are very 
susceptible to loss of fertility, and sometimes even low rainfall also 
enforces the land to be left fallow. Higher percentage under this category 
indicates fragility of the land. 
The hectarage change in current fallow during 1981 and 1995 has 
been analysed. Three tehsils of western Rajasthan reported a negative 
growth of-29,277 hectares i.e. 8.96 per cent of total growth in fallow land 
(Table-27). These tehsils are Chohtan, Bhinmal and Pali. Similarly, 
Barmer, Lunkaransar, Bikaner, Phalodi, Nagaur, Merta and Bali also 
reported a negative growth of-81,126 i.e. 24.83 per cent of total hectarage 
change in current fallow land. Another seven tehsils lie under moderate 
category of negative growth. These tehsils are Kolayat, Nokha, Bhadra, 
Ahore, Osian, Bilara and Sikar. These unit areas reported a negative 
growth of 44,445 hectares i.e. 13.60 per cent of total hectarage change in 
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Table-27 : Hectarage Change in Current Fallow Land (1981-1995) 
In tensity 
Negative 
Growth 
Very High 
High 
Medium 
Low 
Very low 
Total 
No. of 
Tehsils 
03 
07 
07 
19 
37 
73 
Current Fallow Land 
Area (ha) 
(-)29,277 
(-)81,126 
(-)44,445 
(-)1,04,571 
(-)67,300 
(-)3,26,719 
Percentage 
(-)8.96 
(-)24.83 
(-)3.60 
(-)32.00 
(-)20.59 
100.00 
Unit Areas 
Chohtan, Bhinmal and Pali 
Barmer, Lunkaransar, Bikaner, Phalodi, 
Nagaur, Merta and Bali 
Kolayal,Nokha,Bhadra, Ahore, Osian, 
Bilara and Sikar 
Shiv, Baytu, RaisinghNagar, Suratgarh, 
Nohar, Pokaran, Jalore, Sanchor, 
Shergarh, Bhopalgarh, Udaipurwati, 
Nawa, Parvatsar, Degana, Jaitaran, 
Raipur, Sojat, Marwar Junction and 
Danta Ramgarh 
Pachpadra, Gudhamalani, Siwana, 
Sardarshahar, Taranagar, Rajgarh, 
Churu, Sri Dungargarh, Ratangarh, 
Sujangarh, GangaNagar, Sadulshahar, 
Karanpur, Padampur, Anupgarh, 
Gharsana, Vijainagar, Sangaria, 
Hanumagarh, Pilibanga, Rawatsar, Tibi, 
Jaisalmer, Raniwara, Jodhpur, 
Jhunjhunu, Chirawa, Khetri, Nawalgarh, 
Jayal, Ladnun, Didwana, Desuri, 
Fatehpur, Lachchmangarh, Sri 
Madhopur and Neem Ka Thana. 
Source : District Hand Books, Department of Economic and Statistics, Jaipur, Govt of 
Rajasthan. 
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current fallow land. Whereas, nineteen tehsils of the Indian desert reported 
a decrease of-1,04,571 hectares i.e. 32.00 per cent of total decreased area. 
These tehsils are Shiv, Baytu, Raisingh Nagar, Sruatgarh, Nohar, Pokaran, 
Jalore, Sanchor, Shergarh, Bhopalgarh, Udaipurwati, Nawa, Parvatsar, 
Degana, Jaitaran, Raipur, Sojat, Marwar Junction and Danta Ramgarh. 
The remaining thirty seven tehsils of the study area reported a 
decrease of 67,300 hectares of land in current fallow i.e. 20.59 per cent of 
total decreased area. These unit areas lie under very low category of 
negative growth. These tehsils are Pachpadra, Gudhamalani, Siwana, 
Sardarshahar, Tara Nagar, Rajgarh, Churu, Sri Dungargarh, Ratangarh, 
Sujangarh, Ganga Nagar, Sadulshahar, Karanpur, Padampur, Anupgarh, 
Gharsana, Vijai Nagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
.laislamer, Raniwara, Jodhpur, Jhunjhunu, Chirawa, Khetri, Nawalgarh, 
.layal, Ladnun, Didwana, Desuri, Fatehpur, Lachchmangarh, Sri Madhopur 
and Neem ka Thana (Fig. 45). 
Through this analysis an element of marginalisation and 
consequent land degradation could be observed with a change in the areal 
extent of the fallowing. Negative growth under this category suggests 
marginalisation and therefore, higher percentage of decreased area in 
current fallow land is an indication of high risk of vulnerability to 
desertification hazards. 
v) Net Sown Area 
Net sown area includes an extent of geographical land under the 
crops. The maximum hectarage under this category indicates lower 
vulnerability of land and supports high population. 
The hectarage change in Net Sown Area during the period 1981-
1995 has been anlaysed (Table-12). 
There is only one tehsil of the study area i.e. Bikaner reported an 
increase of +79,267 hectares of land which is 7.78 per cent of total 
increased area in western Rajasthan. This unit area comes under very high 
category of positive growth in Net Sown Area. Whereas Banner and 
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Kolayat reported an increase of+1,04,220 hectares of land i.e. 10.23 per 
cent of the total under high category of positive growth of land in Net 
Sown Area. Another seven unit areas reported an increase of +2,73,034 
hectares of land i.e. 26.80 per cent of the total increased area. These unit 
areas are Shiv, Nokha, Sri Dungargarh, Anupgarh, Jaisahner, Phalodi and 
Biiara. These unit areas lie under moderate category of positive growth in 
Net Sown Area which indicates that land in these unit areas has largely 
gone under the irrigation coverage particularly in the Indira Gandhi Canal 
Command Area. In this way land use pressure is encroaching upon the 
weak and fragile ecosystems which is again an indication of vulnerability 
to desertification. There are thirteen unit areas which fall under low 
category of positive growth in Net Sown Area. These unit areas reported 
an increase of+2,48,646 hectares i.e. 24.41 per cent of total increased area 
in this category. These tehsils are Baytu, Lunkaransar, Sardarshahar, 
Sujangarh, Raisingh Nagar, Hanumangarh, Ahore, Jalore, Bhopalgarh, 
Nagaur, Merta, Sojat and Marwar Junction. 
Similarly, another thirty nine unit areas of the western Rajasthan 
reported an area of +3,13,307 hectares i.e. 30.76 per cent of the total 
increase in Net Sown Area. These unit areas lie under very low category. 
These tehsils are Pachpadra, Chohtan, Gudhamalani, Siwana, Churu, 
Ratangarh, Sadulshahar, Padampur, Gharsana, Vijai Nagar, Sangaria, 
Pilibanga, Rawatsar, Tibi, Nohar, Bhadra, Pokaran, Sanchor, Raniwara, 
.lodhpur, Chirawa, Jhunjhunu, Nawalgarh, Udaipurwati, Osian, Jayal, 
Didwana, Nawa, Parvatsar, Degana, Jaitaran, Raipur, Desuri, Fatehpur, 
Lachchmangarh, Sikar, Danta Ramgarh, Sri Madhopur and Neem ka 
Than a. 
On the otherhand, four tehsils of the study area reported a very 
high decrease in New Sown Area. These tehsils are Tara Nagar, Suratgarh, 
Pali and Bali reported a decrease of-1,76,059 hectares i.e. 17.28 per cent 
of total hectarage change under this category. Whereas the remaining 
seven tehsils of the study area reported a negative growth of land under 
Net Sown Area nearly (-) 54,035 hectares i.e. 5.30 per cent of total 
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hectarage change in the study area. These unit areas are Rajgarh, Ganga 
Nagar, Karanpur, Bhinmal, Shergarh, Khetri and Didwana. Negative 
growth of Net Sown Area indicates a positive correlation with 
vuhicrability to desertification hazards (Fig. 46). 
It is seen that in monoculture dry farming areas where human 
control is less, the vulnerability to desertification is more. Single cropped 
areas are left unattended to the vagaries of nature for a longer period of 
time, fn the areas of high to very high positive growth in Net Sown Area 
the possibility of cultivation on the land of weak and fragile environment 
is imminent. Vulnerability to desertification is higher in such areas. 
Whereas low to very low hectarage increase under Net Sown Areas gives 
a picture of inhospitability of the environment where expansion of 
cultivation is restricted due to edaphic and meteorological conditions of 
the study area. 
vi) Area Sown More Than Once 
Area sown more than once includes the land where irrigational 
facilities as well as other factors are favourable like the use of fertilizer 
and improved agricultural implements and cultural and technological 
developments have been made. Higher percentage under this category 
supports high population. Western Rajasthan experienced very low amount 
of rainfall. Irrigational facilities are poor and availability of moisture is 
not proper. Eastern front of the study area comparatively favours the 
situation. 
The data of Area sown more than once for the period 1981-1995 
have been analysed (Table-I3). It has been seen that there is a positive 
growth under the hectarage of Area Sown more than once. It has been 
reported that there is an increase of+3,62,796 hectares. Nagaur tehsil of 
the study area reported an increase of+27,488 hectares of land i.e. 7.57 
per cent of total increased area. There are Bikaner, Ganganagar and 
Hanumangarh tehsils of the study area reported +55,592 hectaras i.e. 15.32 
per cent of total increase. These unit areas come under high category. 
Another four tehsils of the study are lie under moderate category. These 
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are Shiv, Lunkaransar, Raisingh Nagar and Bhopalgarh. These unit areas 
reported an increase of+48,353 hectares of land i.e. 13.32 per cent of total 
increase. 
Similarly, eighteen tehsils of the study area fall under the low 
category. These tehsils are Chohtan, Gudhamalani, Siwana, Kolayat, 
Karanpur, Sadulshahar, Padampur, Tibi, Ahore, Jalore, Sanchor, Nawa, 
Marwar Junction, Desuri, Sikar, Danta Ramgarh, Sri Madhopur and Neem 
ka Thana. These tehsils reported an increase of+1,50,711 hectares of land 
i.e. 41.54 per cent of total increased area. Another thirty six unit areas 
reported very low positive growth of Area Sown more than once. These 
tehsils have reported an area of +80,652 hectares of land i.e. 22.23 per 
cent of the total positive growth. These tehsils are Baytu, Pachpadra, 
Barmer, Nokha, Sardarshahar, Tara Nagar, Rajgarh, Sri Dungargarh, 
Ralangarh, Sujangarh, Churu, Sangaria, Pilibanga, Rawatsar, Jaisalmer, 
Pokaran, Bhinmal, Raniwara, Phalodi, Shergarh, Osian, Jodhpur, Bilara, 
•Ihunjhunu, Chirawa, Khetri, Nawalgarh, Udaipurwati, Didwana, Parvatsar, 
Degana, .laitaran, Pali, Bali, Fatehpur and Lachchmangarh. 
On the other hand two tehsils of the study area noted very high 
decrease in area. These are Nohar and Bhadra. These unit areas have 
reported a decrease of-55,682 hectares of land i.e. 15.34 per cent of total 
negative growth. Whereas another nine tehsils of the study area have 
reported a decrease of -12,436 hectares of the land. These tehsils are 
Anupgarh, Gharsana, Vijai Nagar, Suratgarh, Merta, Jayal, Ladnun, Raipur 
and Sojat (Fig. 47). This negative growth of hectarage under area sown 
more than once is due to adverse agricultural practices and poor 
management. These areas have very high vulnerability to degradation. 
In double cropped, irrigated areas human control is of higher order, 
the areas are scarcely left unattended to the vagaries of nature. Therefore, 
the vulnerability to desertification would be marginal in such areas. It is 
seen in double cropped areas that the size of land holdings is generally 
smaller. 
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Over the smaller size land holdings, very little land is left 
unattended to or fallow. Thus the land is more actively under human 
control. This situation makes the scarcely liable to desertification. 
vii) Grazing and Pasture Lands 
Grazing and pasture lands include the land entirely used as grazing 
ground for livestock. An attempt has been made to assess the available 
grazing and pasture lands and the pressure of livestock population at 
different tehsils of western Rajasthan. 
Grazing and pasture land comprises the land under permanent 
pastures and other grazing land under miscellaneous tree crops and groves. 
The data for the period 1981 to 1995 has been analysed. 
It has been noted that there is a decrease of-2,27,065 hectares of 
the land under grazing and pasture land (Table-28). The hypothesis is that 
a decrease in the grazing and pasture land area is a clear sign of biotic 
pressure. It suggests that due to decrease in the grazing and pasture land 
the livestock pressure would squarely increase (if coupled with the 
increase in livestock population) resulting in desertification. 
Jaisalmer tehsil of the study area reported a decrease of -42,000 
hectares of land under grazing and pasture land which is under very high 
category of negative growth. Whereas Pokhran tehsil of the same district 
reported a decrease of-33,365 hectares of land i.e. 14.69 per cent of the 
total negative growth. This tehsil of the study area is in high category of 
decreased area. This high to very high decrease in pasture land leads to 
biotic pressure on the land. The maximum percentage of area decrease in 
grazing and pasture land provides more risk to desertification. The Banner 
tehsil of the study area reported a decrease of-22,488 hectares of land i.e. 
9.90 per cent of total decrease in area and lies in moderate category. 
Whereas, Lunkaransar, Pali and Bali reported -29,230 hectares of land i.e. 
12.87 per cent of total decreased area. These Tehsils lie under low 
category of negative growth. Another fifty one tehsils of western 
Rajasthan have reported a decrease of-99,982 hectares i.e. 44.03 per cent 
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Table-28 : Hectarage Change in Grazing and Pasture Lands (1981-95) 
Intensity 
Negative 
Growth 
Veiy High 
High 
Medium 
Low 
Veiy Low 
Positive 
Growth 
High 
Total 
No. of 
Tchsils 
0! 
01 
01 
03 
51 
57 
16 
73 
Grazing and Pasture Land 
Area (ha) 
-42,000 
-33,365 
-22,488 
-29,236 
-99,982 
-2,27,065 
+24,706 
-2,02,359 
Percentage 
(-)18 49 
(-)4 69 
(-)9 90 
(-)12 87 
(-)44 03 
100.0 
10 87 
89.13 
Unit Areas 
Jaisalmer 
Pokaran 
Barmer 
Lunkaransar, Pali andBali 
Shiv, Baytu, Siwana, Bikaner, Kolayat, 
Nokha, Sarddrshahar, Tarangar, 
Rajgarh, Sn Dungargarh, Ratangarh, 
Sujangarh, Ganganagar, Karanpur, 
Sadulshahar, Padampur, Raisinghnagar, 
Anupgarh, Gharsana, Vijainagar, 
Sangaria, Hanumangarh, Pilibanga, 
Rawatsar, Bhadra Jalore, 
Bhinmal,Sanchor, Raniwara, Osian, 
Bilara, Jhunjhunu, Chirawa, Khetri, 
Nawalgarh,Udiapurwati, Nagaur, 
Merta,Jayal, Ladnun, Didwana, Raipur, 
Sojat, Marwar Junction, DESURK 
Fatehpur, Lachchmangarh, Sikar, 
Dantaramgarh, Sn Madhopur and Neem 
Ka Thana 
Pachpadia, Chohtan, Gudhamalani, 
Churu, Suratgarh, Tibi, Nohar, Ahore, 
Phalodi, Shergarh, Jodhpur, Nawa, 
Parvatsar, Degana and Jaitaran 
Source : District Hand Books, Department of Economic and Statistics, Jaipur, Govt of 
Rajasthan 
316 
of total decreased area under grazing and pasture land. These unit areas 
are Shiv, Baytu, Siwana, Bikaner, Kolayat, Nokha, Sardarshahar, Tara 
Nagar, Rajgarh, SriDungargarh, Ratangarh, Sujangarh, Ganga Nagar, 
Karanpur, Sadulshahar, Padampur, Raising Nagar, Anupgarh, Gharsana, 
Vijai Nagar, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Bhadra, Jalore, 
Bhinmal, Sanchor, Raniwara, Osian, Bilara, Jhunjhunu, Chirawa, Khetri, 
Nawalgarh, Udaipurwati, Nagaur, Merta, Jayal, Ladnun, Didwana, Raipur, 
Sojal, Marwar Junction, Desuri, Fatehpur, Lachchmangarh, Sikar, Danta 
Ramgarh, Sri Madhopur and Neem ka Thana. These tehsils are having 
slightly better environment as compared to western front of the study area. 
So there is a very low risk of vulnerability to land degradation. 
On the other hand, in western Rajasthan, few areas have reported 
an increase in grazing and pasture land. These areas are Pachpadra, 
Chohtan, Gudhamalani, Churu, Suratgarh, Tibi, Nohar, Ahore, Phalodi, 
Shergarh, Jodhpur, Nawa, Parvatsar, Degana and Jaitaran. These tehsils 
have reported an increase of+27,704 hectares of land i.e. 10.87 per cent 
of total increased area under the category of change in hectarage of 
grazing and pasture land (Fig. 48). This positive growth of an area 
provides more opportunity for grazing and covers larger area. So there is 
also a positive correlation with vulnerability to desertification hazards. 
viii) Irrigated Area 
Hectarage change under irrigated area is very powerful indicator to 
measure the personality of the study area. Growth of irrigated area 
indicates more area brought under stable agricultural use. This is also 
helpful to promote the pasture lands. 
The continued deficiency of moisture, and the low water table have 
mainly impeded the progress of irrigation. The hectarage change in 
irrigated area during 1981-1995 have been analysed. It has been reported 
that there is an increase of+7,94,683 hectares of the land under irrigation. 
The Bikaner tehsil of the study area reported very high positive growth in 
irrigation hectarage. There is an increase of+67,866 hectares i.e. 8.540 per 
cent of the total increased area (Table 17). 
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The growth is generally higher in Indira Gandhi Canal Command 
Area. Thee are nine tehsils of the study area lie under moderate category. 
These tehsils are Jalore, Nagaur, Merta, Pali, Marwar Junction, Desuri, 
Danta Ramgarh, Sri Madhopur and Bali. These unit areas have reported an 
increase of+2,47,154 hectares of land i.e. 31.70 per cent of total increased 
area. 
There are fourteen tehsils of western Rajasthan which fall in low 
category of hectarage change in irrigated areas. These unit areas have 
reported an increase of +2,89,948 hectares of land i.e. 36.48 per cent of 
total increased area. These tehsils are Kolayat, Ganganagar, Raisingh 
Nagar, Tibi, Bhinmal, Chirawa, Nawa, Parvatsar, Degana, Jaitaran, Raipur, 
Bali, Sojat and Sikar. Similarly, forty six tehsils of the study area fall 
under the very low category of hectarage change in irrigated area. These 
tehsils are reported an increase of+ 1,89,715 hectares of land i.e. 23.87 per 
cent of total increase in area. These tehsils are Shiv, Baytu, Pachpadra, 
Barmer, Chohtan, Gudhamalani, Tara Nagar, Churu, Sri Dungargarh, 
Ratangarh, Sujangarh, Sodulshahar, Karanpur, Padampuf, Anupgarh, 
Gharsana, Bhadra, Rajgarh, Sanchor, Vijai Nagar, Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Jaisalmer, Pokaran, Ahore, Raniwara, Phalodi, 
Shergarh, Osian, Bhopalgarh, Jodhpur, Bilara, Jhunjhunu, Khetri, 
Nawalgarh, Jayal, Ladnun, Didwana, Fatehpur, Lachchmangarh, and Neem 
ka Thana. It has been seen that positive growth of irrigated area is 
generally in good rainfall areas or in Indira Gandhi Canal Command Area. 
In these areas, there is both a sign of amelioration as well as deterioration 
of land. More area under cultivation leads marginalisation, in few areas 
there is a risk of waterlogging, salinity and alkalinity so vulnerability to 
desertification is higher. Moreover, very low rainfall in Nagaur, Jodhpur 
and Barmer district lack the irrigation facilities. 
On the other hand two tehsils of the study area are reported a 
decrease of-80,194 hectares i;e. 10.09 per cent of total hectarage change. 
These tehsils are Suratgarh and Nohar. Whereas the remaining 
Udaipurwati reported a decrease of-15,923 hectares of land i.e. 2.00 of 
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total hectarage change in the study area (Fig. 49). This is also an indicator 
to measure the fragility of the environment because in these areas change 
may be due to harsh environment and lack of water supply through 
artificial means of irrigation. So there is also vulnerability to 
desertification hazards. 
ix) Dry Land Farming Area 
Dry land Farming Areas have been analysed through the data of 
growth in Net Sown Area minus hectarage change in Area sown more than 
once. It has been observed in the areas of monocultural activities that 
where human control is less desertification is more. Thinly populated, 
single cropped areas are left unattended to the vagaries of nature for a 
longer period of time. Whereas in double cropped irrigated areas of 
moderate population densities the human control is of higher order. These 
areas are scarcely left unattended to the vagaries of nature. Therefore, the 
vulnerability to desertification would be marginal in such areas. Seventy 
three study units of western Rajasthan have been analysed in order to 
check the vulnerability levels. 
In Dry farming areas the size of land holding is larger. The 
ownership land holdings are bigger than the operational land holdings. In 
the large size of land holdings the land would frequently be left, 
unattended, uncropped or fallow. This situation would again render the 
land more vulnerable to desertification hazards. Once it has been brought 
under the plough. In double cropped areas the size of land holdings is 
generally smaller. In smaller size land holdings, very little land is left 
unattended or fallow. Thus, the land is more actively under human control. 
This situation makes the land scarcely liable to desertification. 
In the western Rajasthan, Tara Nagar tehsil of district Churu 
reported very high positive growth of hectarage under Dry Land Farming. 
This tehsil covers an area of+86,233 hectares of land i.e. 9.70 per cent of 
total increased area of Dry land farming (Table-14). Another three tehsils 
of the study area reported an increase of+ 1,71,718 hectares i.e. 19.32 per 
cent of total increased area in dry land farming. These tehsils are Banner, 
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Bikaner and Rajgarh. These tehsils come in high category of positive 
growth udner Dry Farming. 
Another six tehsils of the study area lie under medium category of 
positive growth in dry farming. These tehsils have reported an increase of 
+2,70,009 hectares i.e. 30.38 per cent of total increased area. These tehsils 
are Kolayat, Nokha, Sri Dungargarh, Anupgarh, Sujangarh, Phalodi and 
Bilara. There are six other tehsils which come in low category of increased 
area in dry farming. These tehsils are reported an increase of+1,74,071 
hectares of land i.e. 19.59 per cent of total increased area. These tehsils 
are Shiv, Sardarshahar, Sujangarh, Jaisalmer, Nawalgarh, Merta and Sojat. 
The remaining thirty one tehsils fall in very low category of positive 
growth of dry faming. These areas have reported an increase of+1,86,486 
hectares i.e. 20.98 per cent of total increased area. These tehsils are Baytu, 
Pachpadra, Chohtan, Churu, Ratangarh, Raisingh Nagar, Gharsana, Vijai 
Nagar, Pilibanga, Rawatsar, Pokaran, Ahore, Jalore, Bhopalgarh, Jodhpur, 
.Ihunjhunu, Nagaur, Jayal, Ladnun, Nawa, Parvatsar, Degana, Jaitaran, 
Raipur, Danta Ramgarh, Fatehpur, Sangaria, Hanumangarh, Lunkaransar, 
Padampur and Udaipurwati. 
On the other hand, there are four tehsils which have reported very 
high decrease in dry farming area. These tehsils have reported a decrease 
of-1,41,186 hectares i.e. 15.89 per cent of total hectarage change in this 
category. These tehsils are Bhinmal, Pali, Bali and Suratgarh. Whereas the 
remaining twenty two unit areas come under high category of decrease in 
dry farming area. These tehsils have reported a decrease of -2,60,855 
hectares of land i.e. 29.35 per cent of total decreased area. These unit 
areas are Gudhamalani, Siwana, Ganganagar, Karanpur, Sadulshahar, 
Suratgarh, Tibi, Nohar, Bhadra, Sanchor, Raniwara, Shergarh, Osian, 
Chirawa, Khetri, Didwana, Marwar Junction, Desuri, Lachchmangarh, 
Sikar, Sri Madhopur and Neem ka Thana (Fig. 50). 
There are various unit areas along the western margin of the study 
area indicate positive correlation with vulnerability to desertification 
hazards. Larger area in this category are having very high risk to 
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desertification. Similarly, areas of negative growth of dry land farming are 
showing slightly better situation and inversely correlated. The larger area 
under this category are having low risk to vulnerability of desertification 
hazards. The eastern front of the study area favours this situation. These 
areas run low to very low risk of desertification hazards. 
Chapter -10 
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Cumulative Indices 
Cumulative vulnerability is the most representative composite 
indicator of desertification hazards. This is a superimposed representation 
prepared by the summation of all the indicators of physical, biotic and 
human environment to estimate the vulnerability of desertification. To 
avoid an element of bias all the factors were attributed equal weightage. 
This, however, may not be an entirely satisfactory method of cumulative 
evaluation. However, it appears to carry a higher weightage. 
The present study evaluates the desertification hazards on the basis 
of cumulative representation of the following indicators i.e. 
Meteorological Indicators, Hydrographic Indicators, Biotic Indicators, 
Land cove/Land use Indicators and Anthropogenic Indicators. 
i) Synthesis of Meteorological Indicators 
The synthesis of all the meteorological indicators such as Rainfall 
Distribution, Rainfall Variability, Aridity Indices, Drought Intensity, 
Annual Water Balance Situation and Water Availability Period, revealed 
that the average distribution of rainfall is inadequate by varying degree in 
different parts of the region to render the westward lands increasingly 
vulnerable to desertification. The data shows an inverse relationship 
between the distribution of rainfall and vulnerability to desertification and 
a positive correlation between Rainfall variability, Aridity Indices and 
drought intensity with the susceptibility to desertification. Besides, the 
Water-availability period also reveals the personality of the study area at 
different levels. Most of the western units have reportedly low to very low 
availability of the water and these unit areas are facing acute deficiency of 
water. A large deficit in the water-balance also contributes to the fragility 
of the ecosystem. 
Cumulative vulnerability through meteorological Indicators shows 
a composite impression of desertification in its spatial context. 
On this basis, there are five tehsils which fall in the category of 
very high intensity of susceptibility to desertification hazards. These 
325 
lehsils are Bikaner, Kolayat, Nokha, Jaisalmer and Pokaran. It suggests 
that Bikaner and Jaisalmer districts are meteorologically most vulnerable 
to desertification. There is highest desertification risk in these areas. These 
unit areas cover an area of 59,449.35 square kilometre i.e. 28.47 per cent 
of the total reported area which consist of 17,22,538 persons i.e. 9.26 per 
cent of the total population (Table-29). There are ten unit areas of western 
Rajasthan which come in the high Intensity of vulnerability to 
desertification hazards. These tehsils are Shiv, Baytu, Pachpadra, Barmer, 
Chohtan, Lunkaransar, Gharsana, Phalodi, Shergarh and Osian. This 
demonstrates that the next higher meteorological vulnerability to 
desertification is in the districts Barmer and Jodhpur. These cover an area 
of 45,516.97 square kilometre i.e. 21.32 per cent of the total area which 
sustain 21,87,667 persons i.e. 26.69 per cent of total population of Indian 
desert. Thirty two unit areas are moderately susceptible to desertification. 
These tehsils are Siwana, Sardarshahar, Taranagar, Sri Dungargarh, 
Ganganagar, Karanpur, Sadulshahar, Padampur, Raisinghnagar, Anupgarh, 
Vijai Nagar, Suratgarh, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Sanchor, Bhopalgarh, Jodhpur, Bilara, Nagaur, Merta, 
Jayal, Ladnun, Degana, Gudhamalani, Didwana, Nawa and Parvatsar. 
There are thirteen unit areas of western Rajasthan which fall in low 
vulnerability to desertification. These tehsils are Rajgarh, Churu, 
Ratangarh, Sujangarh, Ahore, Jalore, Bhinmal, Raniwara, Didwana, Nawa, 
Parvatsar, Fatehpur and Lachchmangarh. These unit areas cover 23,514.40 
square kilometers i.e. 11.26 per cent of the total area and support 
34,48,254 persons i.e. 18.55 per cent of the total population of Indian 
desert. Whereas, the remaining fifteen tehsils fall in the category of very 
low intensity of vulnerability to desertification hazards. These tehsils are 
Jhunjhunu, Chirawa, Khetri, Nawalgarh, Udaipurwati, Jaitaran, Raipur, 
Sojat, Pali, Marwar Junction, Bali, Desuri, Sikar, SriMadhopur, Neem ka 
Thana and Danta Ramgarh. These unit areas cover 21,340.69 square 
kilometre i.e. 10.22 per cent which consist 46,74,954 persons i.e. 25.15 
per cent of the total population (Fig. 51). These unit areas understandably 
represent the eastern and the least inhospitable tehsils of the Jhunjhunu, 
Sikar and Pali districts. 
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Table-29 : Cumulative Meteorological Vulnerability 
Intensity 
Very High 
High 
Medium 
Low 
Very Low 
No. of 
Tchsils 
05 
10 
32 
13 
15 
73 
Area in 
Sq. Km 
59,449.35 
45,516.47 
58,929,59 
23,514.40 
21,340.69 
2,08,751 
%agc of 
the total 
area 
28.47 
21.32 
28,22 
11.26 
10.22 
100.0 
Affected 
population 
17,22,538 
21,87,667 
65,53,123 
34,48,254 
46,74,954 
1,85,86,536 
% of the 
total 
population 
9.26 
11.77 
35.25 
18.55 
25.15 
100.00 
Unit Areas 
Bikaner, Kolayat, Nokha, 
Jaisalmer and Pokaran 
Shiv, Baytu, Pachpadra, 
Banner , Chohtan, 
Lunkaransar, Gharsana, 
Phalodi , Shergarh and 
Osian 
Siwana, Sardarshahar , 
Taranagar, Sri Dungar-
garh, Ganganagar, 
Karanpur, Sadulshahar, 
Padampur , Raisingh 
Nagar, Anupgarh, Vijai 
Nagar , Suratgarh, 
Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Sanchor, 
Bhopalgarh , Jodhpur 
Bilara, Nagaur, Merta, 
Jayal, Ladnun Degana, 
Gudhamalani, Didwana, 
Nawa and Parvatsar 
Rajgarh, Churu, Ratan-
garh, Sujangarh, Ahore, 
Ja lore , Bhinmal, Rani-
wara, Didwana, Nawa, 
Parvatsar, Fatehpur and 
Lachchmangarh 
Jhunjhunu, Chirawa, 
Khetr i , Nawaigarh, 
Udaipurwat i , Jaitaran, 
Raipur, Sojat, Pali, 
Marwar Junction, Bali, 
Desuri, Sikar, Sri Madho-
pur, Neem Ka Thana and 
Danta Ramgarh 
Source : Computed on Indicators of Natural and Human Environments. 
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ii) Synthesis of Hydrographic Indicators 
The hydrographic Indicators include both the ground water and 
surface water areas of bodies including saline water. The study reveals that 
Thar desert is facing an acute water deficiency to maintain the natural 
ecosystems. Water resources are not only inadequate but increasingly 
brakish towards the west. The western tehsils of the study area call for a 
greater need of water harvesting to support and subsist the water 
inadequacy of the weak natural ecosystems. Over a large part of the Indian 
desert agriculture is rainfed. Irrigation facilities are largely confined to the 
Indira Gandhi Canal Command Area. So there is a need of good water 
management to feed the deficient areas. An area of saline water shows that 
most of the tehsils of the western margin have higher preponderance of 
salinity which also is cause of desertification. An indicator of ground 
water depth at different unit areas shows that the occurrence of brakish 
water is relatively high in shallower wells as compared with the moderate 
to greater depth of wells. It has been observed that most of the shallower 
wells in western Rajasthan are associated with the palaeo-channels of the 
legendary Saraswati. The survey of India Topographical maps of 1:50,000 
scale show that most of the deep wells of permanent water table are found 
in western part of the study area as compared to eastern margin. Whereas, 
few areas like Ganganagar and Hanumangarh run a higher risk of its own 
situation of water-logging, salinity, alkalinity, over cultivation as well as 
marginalization. 
Cumulative vulnerability through hydrographic indicators shows 
varying degree of environmental vulnerability to desertification in its 
spatial context. 
There are sixteen unit areas of western Rajasthan which fall in very 
high vulnerability to desertification. These tehsils are Shiv, Barmer, 
Chohtan, Lunkaransar, Bikaner, Kolayat, Nokha, Sardarshahar, Taranagar, 
Rajgarh, Churu, Sri Dungargarh, Ratangarh, Sujangarh, Jaisalmer and 
Pokaran. These unit areas cover an area of 95,683.73 square kilometre i.e. 
45.83 per cent of total reported area which need to sustain 40,99,015 
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persons i.e. 22.05 per cent of total population of western Rajasthan 
(Table-30). Most of the tehsils of very high hydrographic vulnerability to 
desertification lie in Banner, Bikaner, Churu and Jaisalmer districts 
forming southwest to northwest arc. Twelve unit areas reported high 
degree of vulnerability. These tehsils are Baytu, Pachpadra, Gudhamalani, 
Siwana, Bhinmal Sanchor, Raniwara, Phalodi, Shergarh, Osian, 
Bhopalgarh and Jodhpur. These tehsils have reported 40,762.8 square 
kilometre i.e. 19.52 per cent of total areas which consist of 34,26,819 
persons i.e. 18.43 per cent of total population of Indian desert. The tehsils 
of high vulnerability cover a southern belt along an east-west axis in 
Barmer, Jodhpur and Jalore districts. Twenty six unit areas lie in moderate 
degree of vulnerability to desertification. These tehsils are Ganganagar, 
Karanpur, Sadulshahar, Padampur, Raisinghnagar, Anupgarh, Gharsana, 
Vijainagar, Suratgarh, Sangaria, Hanumangarh, Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Ahore, Jalore, Nagaur, Merta, Jayal, Ladnun, Didwana, 
Nawa, Parvatsar and Degana. These tehsils have reported 47,262.09 square 
kilometre i.e. 22.64 per cent of total area which consist of 5,54,320 
persons i.e. 31.49 per cent of total population. There is only Bilara tehsil 
of district Jodhpur which comes under low vulnerability to desertification 
covering an area of 1653.27 square kilometre i.e. 0.79 per cent of the total 
area consist 2,00615 persons which is 1.079 per cent of the total 
population. Another eighteen unit areas, come under very low category of 
hydrographic vulnerability. These tehsils are Jhunjhunu, Chirawa, Khetri, 
Nawalgarh, Udiapurwati, Jaitaran, Raipur, Sojat, Pali, Marwar Junction, 
Bali, Desuri, Fatehpur, Lachchmangarh, Sikar, Danta Ramgarh, Sri 
Madhopur and Neem ka Thana. These tehsils have reported an area of 
23,389.02 square kilometre i.e. 11.20 per cent of the total area which 
consist 50,05,767 per sons i.e. 26.93 per cent of the total population 
(Fig. 52). The lowest hydrographic vulnerability has been noted in the 
better rainfall areas of the northeastern and southern districts flanking the 
Aravallis hills. 
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Table-30 : Cumulative Hydrological Vulnerability 
Intcnsrty 
Veiy High 
High 
Medium 
Low 
Vei y Low 
No. of 
Tc h s 11 s 
16 
12 
26 
01 
18 
73 
Area in 
Sq. Km 
95,683 73 
40,762 89 
47,262 09 
1653 27 
23,389 02 
2,08,751 
%agc of 
the total 
area 
45 83 
19 52 
22 64 
0 79 
1120 
100.00 
Affected 
populat ion 
40,99,015 
34,26,819 
58,54,320 
2,00615 
5005767 
1,85,86,536 
% of the 
total 
popula t ion 
22 05 
18 43 
31 49 
1 07 
26 93 
100.00 
Unit Arc<)S 
Shiv, Banner, Chohtan, 
Lunkaransar, Bikaner, 
Kolayat, Nokha, Sardar-
shahar, Taranagar, 
Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, 
Sujangarh, Jaisaimer and 
Pokaran 
Baytu, Pachpadra, 
Gudhamalani, Siwana, 
Bhinmal, Sanchor, 
Raniwara, Phalodi, 
Shergarh, Osian, 
Bhopalgarh and Jodhpur 
Ganganagar, Karanpur, 
Sadulshahar, Padampur, 
Raisingh Nagar, 
Anupgarh, Gharsana, 
Vijainagar, Suratgarh, 
Sangaria, Hanumangarh, 
Pilibanga, Rawatsar, Tibi, 
Nohar, Bhadra, Ahore, 
Jalore, Nagaur, Merta, 
Jayal, Ladnun, Didwana, 
Nawa, Parvatsar and 
Degana 
Bilara 
Jhunjhunu, Chirawa, 
Khetri, Nawalgarh, 
Udaipurwati, Jaitaran, 
Raipur, Sojat, Pali, 
Marwar Junction, Bah, 
Desun, Fatehpur, 
Lachchmangarh, Sikar, 
Danta Ramgarh, Sri 
Madhopur and Neem ka 
Thana 
Source : Based on data obtained from Ground water division CAZRI, Jodhpur 
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iii) Synthesis of Biotic Indicators 
Biotic indicators include forest and grass cover, livestock pressure 
and variation in livestock population. Cumulative representation of these 
indicators shows a composite impression of vulnerability to desertification 
hazards. Among the biotic indicators the percentage of plant cover and 
number of plant species in a unit area are powerful expression of the 
environmental stability. The depletion of vegetation cover and plant 
varieties show a higher susceptibility to degradation. Most of the tehsils 
of the study area have reported very low percentage of vegetative cover. 
Therefore, these areas depict high to very high vulnerability to 
desertification. The lower density of livestock on the western front does 
not mean the lower vulnerability. In fact, the pasture lands have very poor 
vegetative cover to sustain even lower pressures of the livestock. 
Therefore, the risk of deterioration of land is higher as compared to other 
districts. However, the districts Bikaner, Churu, Ganganagar, Barmer, 
Jodhpur and Nagaur registered high to very high variation in the growth of 
livestock population. Therefore, the biotic vulnerability to desertification 
is also high to very high in these districts, under these circumstances, there 
is a great need of regeneration of the grazing lands. There should be a 
proper range land management. 
Cumulative vulnerability through biotic Indicators shows varying 
degree of environmental vulnerability in its spatial context (Table-3I). 
There are seven unit areas of western Rajasthan which come under very 
high biotic pressure. These tehsils are Lunkaransar, Bikaner, Nohar, 
Pokaran, Jaitaran, Sojat and Pali. There are no well marked belts of biotic 
vulnerability. There are scattered pockets of very high livestock density in 
different parts of the region. These unit areas cover an area of 32,402.58 
square kilometre i.e. 15.52 per cent of the total reported area which 
support 19,60,291 persons i.e. 10.54 per cent of the total population. 
Twelve tehsils of the study area reported high livestock pressure which 
encompass 61,841.10 square kilometres i.e. 29.62 per cent of the total area 
which consist 24,81,341 persons i.e. 13.35 per cent of the total population. 
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TabIe-31 : Cumulative Biotic Vulnerability 
Intensi ty 
Very High 
High 
Medium 
Low 
Very Low 
No. of 
Tc Ii i i 1 s 
07 
12 
29 
17 
08 
73 
Area in 
Sq. Km 
32,402.58 
51,841.10 
74349.51 
29,686.56 
10,471.25 
2,08,751 
%agc of 
the total 
area 
15.52 
29.62 
35.61 
14.22 
5.01 
100.00 
Affected 
populat ion 
19,60,291 
24,81,341 
77,44,197 
4205851 
21,94,856 
1,85,86,536 
% of the 
total 
popula t ion 
10.54 
13.35 
41.66 
22.62 
11.80 
100.00 
Unit Areas 
Lunkaransar, Bikaner, 
Nohar, Pokaran, Jaitaran, 
Sojat and Pali 
Shiv, Kolayat, Sardar-
shahar, Sri Dungargarh, 
Raisingh Nagar, Sangaria, 
Jaisalmer, Sanchor, 
Chirawa, Parvatsar, 
Degana and Raipur 
Baytu, Pachpadra, 
Chohtan, Gudhamalani, 
Siwana, Nokha, Tara-
nagar, Rajgarh, Churu, 
Ratangarh, Sujangarh, 
Sadulshahar, Padampur, 
Gharsana, Vijainagar, 
Hanumangarh, Pilibanga, 
Rawatsar, Bhadra, Ahore, 
Jalore, Jodhpur, Phalodi 
Osian, Nagaur, Merta, 
Jayal, Fatehpur and Danta 
Ramgarh. 
Barmer, Ganganagar, 
Karanpur, Suratgarh, 
Tibi, Bhinmal, Raniwara, 
Shergarh, Bhopalgarh, 
Jhunjhunu, Nawalgarh, 
Ladnun, Didwana, Nawa, 
Marwar Junction, Desuri 
and Sri Madhopur 
Anupgarh, Bilara, Khetri, 
Udaipurwati, Bali, 
Lachchmangarh, Sikar 
and Neem Ka Thana 
Source : Based on data obtained from Department of Statistics and Economics, Jaipur. 
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These tehsils are Shiv, Kolayat, Sardarshahar, Sri Dungargarh, Raisingh 
Nagar, Sangaria, Jaisalmer, Sanchor, Chirawa, Parvatsar and Degana. 
Another twenty nine tehsils like under moderate biotic 
vulnerability to desertification. These are Baytu, Pachpadra, Chohtan, 
Gudhamalani, Siwana, Nokha, Taranagar, Rajgarh, Churu, Ratangarh, 
Sujangarh, Hanumangarh, Pilibanga, Rawatsar, Bhadra, Ahore, Jalore, 
Jodhpur, Phalodi, Osian, Nagaur, Merta, Jayal, Fatehpur and Danta 
Ramgarh. These tehsils have reported an area of 74,349.51 square 
kilometres i.e. 35.61 per cent of the total area which subsist 77,44,197 
persons i.e. 4.66 per cent of the total population. 
There are seventeen unit areas which come in low vulnerability to 
desertification. These are Barmer, Ganganagar, Karanpur, Suratgarh, Tibi, 
Bhinmal, Raniwara, Shergarh, Bhopalgarh, Jhunjhunu, Nawalgarh, 
Ladnun, Didwana, Nawa, Marwar Junction, Desuri and Sri Madhopur. 
These tehsils have reported 29,686.56 square kilometre i.e. 14.22 per cent 
of the total area and support 42,05,851 persons i.e. 22.62 per cent of the 
total population of western Rajasthan (Fig. 53). The remaining eight 
tehsils fall in the category of very low vulnerability to desertification. 
These tehsils are Anupgarh, Bilara, Khetri, Udaipurwati, Bali, 
Lachchmangarh, Sikar and Neem ka Thana. These unit areas covers an 
area of 10,471.25 square kilometre i.e. 5.01 per cent of the total area 
which consists 21,94,856 per sons i.e. 11.80 per cent of the total 
population. These tehsils of very low biotic vulnerability mostly comprise 
the better rainfall in northeastern region of Jhunjhunu and Sikar districts, 
iv) Synthesis of Anthropogenic Indicators 
Vulnerability through Anthropogenic Indicators is a measure of 
varying degree of vulnerability to desertification in its spatial dimension. 
Among the anthropogenic indicators, spatial dimension of the following 
has been analysed. These are pressure of population on land, population 
growth, spatial variation of population growth gap, physiological density, 
agricultural density and rural density. 
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Population distribution and density furnish an important insight in 
understanding the man-land ratio and the human resource availability. The 
high stress of marginal lands which decline in crop productivity per unit 
area. The very low population density has also been a cause of 
desertification because land is not adequately taken care of in the years of 
natural calamities due to the paucity of human resources. Low population 
means human resources are inadequate to manage the land protect and 
prevent the land from the threats of desertification hazards. In both 
extreme cases, the susceptibility of land towards the desertification would 
be higher. 
Cumulative representation of all these indicators shows varying 
degree of vulnerability to desertification in their regional dimension. 
There are five tehsils of western Rajasthan which come under very 
high intensity of desertification risk on account of population growth. 
These tehsils are Khetri, Sikar, Danta Ramgarh, Sri Madhopur and Neem 
Ka Thana covering an area of 6,919.32 square kilometre i.e. 3.31 per cent 
of the total area which consist 17,84,742 persons i.e. 9.60 per cent of the 
total population of western Rajasthan. There are four tehsils which come 
under high vulnerability to desertification hazards. These unit areas are 
Ganganagar, Jhunjhunu, Nawa and Bali covering an area of 5,571.93 
square kilometre i.e. 2.66 per cent of the total area which consist 
13,18,545 persons i.e. 7.09 per cent of the total population of Indian 
desert. Another seventeen unit areas lie in the moderate category. These 
unit areas are Bikaner, Vijainagar, Hanumangarh, Tibi, Bhadra, Jodhpur, 
Chirawa, Nawalgarh, Udaipurwati, Nagaur, Merta, Ladnun, Didwana, 
Parvatsar, Degana, Raipur and Lachchmangarh. These unit areas have 
reported 36,938.67 square kilometre i.e. 17.69 per cent of the total area 
which consist 54,92,386 persons i.e. 29.55 percent of the total population 
(Table-32). 
There are twenty unit areas of western Rajasthan which fall in low 
category of intensity of vulnerability to desertification. These tehsils are 
Nokha, Karanpur, Sadulshahar, Padampur, Anupgarh, Suratgarh, Sangaria, 
337 
Table-32 : Cumulative Anthropogenic Vulnerability 
Intensity 
Very High 
High 
Medium 
Low 
Very Low 
No. of 
Tehsils 
05 
04 
17 
20 
26 
73 
Area in 
Sq. Km 
6919.32 
5,571.93 
36938.67 
71,135.74 
88,185.34 
2,08,751 
%age of 
the total 
area 
3.31 
2.66 
17.69 
34.07 
42.24 
100.00 
Affected 
population 
17,84,742 
13,18,545 
4,92,386 
47,12,498 
52,78,068 
1,85,865,36 
% of the 
total 
population 
9.60 
7.09 
29.55 
25.35 
28.39 
lOO.OQ 
Unit Areas 
Khetri, Sikar, Danta 
Ramgarh Sri Madhopur 
and Neem Ka Thana 
Ganganagar, Jhunjhunu, 
Nawa and Bali 
Bikaner, Vijainagar, 
Hanumangarh, Tibi, 
Bhadra, Jodhpur, 
Chirawa, Nawalgarh, 
Udaipurwati, Nagaur, 
Merta, Ladnun, Didwana, 
Parvatsar, Degana, Raipur 
and Lachchmangarh 
Nokha, Karanpur, 
Sadulshahar, Padampur, 
Anupgarh, Suratgarh, 
Sangaria, Pilibanga, 
Nohar, Jaisalmer, Ahore, 
Jalore, Sanchor, 
Raniwara, Phalodi, 
Bhopaigarh, Bilara, Sojat, 
Marwar Junction and 
Sikar 
Shiv, Baytu, Pachpadra, 
Barmer, Chohtan, 
Gudhamalani, Siwana, 
Lunkaransar, Kolayat, 
Sardarshahar, Taranagar, 
Rajgarh, Churu, Sri 
Dungargarh, Ratangarh, 
Sujangarh, Raisingh 
Nagar, Gharsana, 
Rawatsar, Pokaran, 
Bhinmal, Shergarh, 
Osian, Jayal, Jaitaran, Pali 
and Desuri 
Source : Based on data obtained from Department of Statistics and Economics, Jaipur. 
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Pilibanga Nohar, Jaisalmer, Ahore, Jalore, Sanchor, Raniwara, Phalodi, 
Bhopalgarh, Bilara, Sojat, Marwar Junction and Sikar. These tehsils have 
reported 71,135.74 square kilometre i.e. 34.07 per cent of the total 
reported area which consist 47,12,498 i.e. 25.35 per cent of the total 
population whereas, the remaining twenty six tehsils fall in the category 
of very low vulnerability to desertification. These unit areas are Shiv, 
Baytu, Pachpadra, Barmer, Chohtan, Gudhamalani, Siwana, Lunkaransar, 
Kolayat, Sardarshahar, Taranagar, Rajgarh, Churu, Sri Dungargarh, 
Ratangarh, Sujangarh, Raisinghnagar, Gharsana, Rawatsar, Pokaran, 
Bhinmal, Shergarh, Osian, Jayal, Jaitaran, Pali and Desuri. These tehsils 
have reported 88,185.34 square kilometre i.e. 42.24 per cent of the total 
population of the western Rajasthan (Fig. 54). 
v) Synthesis of Land use/Land cover Indicators 
Land-use/land cover Indicators represent uncultivable lands, 
cullurable wastelands, fallowlands, current fallow lands, Net sown area. 
Area sown more than once. Grazing and pasture lands, Irrigated area and 
Dryland farming areas. 
A tehsil wise break-up of the land use/land cover data during 1981-
1995 have been analysed. These land use/land cover figures reveal the 
regional disparities and the corresponding vulnerability levels within 
western Rajasthan. 
The maximum percentage under the category of uncultivable lands 
have positive correlation with vulnerability to desertification. The positive 
growth in this category indicates adverse land use practices and poor land 
resource management. Negative growth of culturable waste lands suggests 
the corresponding sign of marginalisation. An increase in the area of 
culturable waste lands is suggestive of the situation were some dry farming 
areas have become economically redundant due to rising costs and 
uncertainties in competition with the remunerative irrigate areas which are 
more stable in the vicinity of the rainfed areas. Such redundant dry 
farming areas may have been reduced to culturable waste lands. 
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A decrease in fallow land is a reflection of adverse land 
management. The decrease in fallow land associated with dry farming 
suggests marginalisations. A positive growth of hectarage under this 
category shows the degradation of the land. 
Hectarage change in Net sown area indicates an inverse 
relationship with vulnerability to desertification hazards. In monoculture 
areas where human control is less the risk to desertification is more. In 
double cropped, Irrigated areas human control is of higher order and very 
little land is left unattended or fallow. Thus the land is more actively under 
human control. This situation makes the land scarcely liable to 
desertification. 
A decreased hectarage in grazing and pasture land suggests that the 
livestock pressure would squarely increase (if coupled with the increase 
in livestock population). 
An increased area in this category provides more opportunity for 
grazing and covers larger area. There is again a positive correlation with 
vulnerability to desertification hazards. 
Positive growth of Irrigated area is generally seen in good rainfall 
areas or around Indira Gandhi Canal Command Area. There is also a sign 
of amelioration as well as deterioration of the land. More area under 
rainfed cultivation leads to marginalisation. In few areas there is risk of 
waterlogging, salinity and alkalinity. 
Hectarage change in dry land farming where human control on land 
is less, the vulnerability to desertification is more. 
Five tehsils of western Rajasthan have reported very high landuse 
vulnerability to desertification. These tehsils are Pachpadra, Taranagar, 
Rajgarh, Pokaran and Phalodi. These unit areas have reported 24,650.28 
square kilometre i.e. 11.80 per cent of the total area which inhabit 
10,62,900 persons i.e. 5.71 per cent of the total population (Table-33). 
Thirty five unit areas come under high vulnerability to desertification. 
These tehsils are Baytu, Gudhamalani, Siwana, Nokha, Sardarshahar, 
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Table-33 : Cumulative Land Use/Land Cover Vulnerability 
Intensi ty 
Very High 
High 
Medium 
Low 
Very Low 
No of 
Ichsi ls 
05 
35 
22 
10 
01 
73 
Area in 
Sq Km 
24650 28 
92,690 52 
50,955 93 
31,148 06 
9,306 21 
2,08,751 
%iigc of 
the total 
area 
11 80 
44 40 
24 40 
14 92 
4 45 
100.00 
Affected 
populat ion 
10,62,900 
92,19,137 
48,85,856 
2741373 
6,77,270 
1,85,86,536 
% of the 
total 
popula t ion 
571 
49 60 
26 28 
14 74 
3 64 
100.00 
Unit Areas 
Pachpadra, Taranagar, 
Rajgarh, Pokaran and 
Phalodi 
Baytu, Gudhamalani, 
Siwara, Nokha, Sardar-
shahar, Churu, Sri 
Dungargarh, Ratangarh, 
Sujangarh, Karanpur, 
Sadulshahar, Padampur, 
Gharsana, Vijainagar, 
Sangaria, Pilibanga, 
Rawatsar, Tibi, Jaisalmer, 
Ahore, Raniwara, Sher-
garh, Jodhpur, Jhunjhunu, 
Chirawa, Khetri, Nawal-
garh, Udaipurwati, 
Didwana, Parvatsar, 
Degana, Jaitaran, Fateh-
pur, Lachchmangarh and 
Neem Ka Thana 
Shiv, Barmer, Chohtan, 
Ganganagar, Raisingh 
Nagar, Anupgarh, 
Suratgarh, Hanumangarh, 
Nohar, Bhadra, Jalore, 
Sanchor, Osian, Bhopal-
garh, Bilara, Jayal, 
Ladnun, Nawa, Marwar 
Junction, Desuri, Sikar 
and Danta Ramgarh 
Lunkaransar, Kolayat, 
Bhinmai, Nagaur, Merta, 
Raipur, Sojat, Pah, Bali, 
and Sri Madhopur 
Bikaner 
Source : Based on data obtained from Department of Statistics and Economics, Jaipur 
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Churu, Sri Dungargarh, Ratangarh, Sujangarh, Karanpur, Sadulshahar, 
Padampur, Gharsana, Vijainagar, Sangaria, Pilibanga, Rawatsar, Tibi, 
Jaisalmer, Ahore, Raniwara, Shergarh, Jodhpur, Jhunjhunu, Chirawa, 
Khctri, Nawalgarh, Udaipurwati, Didwana, Parvatsar, Degana, Jaitaran, 
Fatehpur, Lachchmangarh and Neem ka Thana. These tehsils have reported 
92,690.52 square kilometre i.e. 44.40 per cent of total area which consist 
92,19,137 persons i.e. 49.60 per cent of the population of western 
Rajasthan. Twenty two unit areas lie in moderate vulnerability to 
desertification. These tehsils are Shiv, Barmer, Chohtan, Ganganagar, 
Raisinghnagar, Anupgarh, Suratgarh, Hanumangarh, Nohar, Bhadra, 
Jalore, Sanchor, Osian, Bhopalgarh, Bilara, Jayal, Ladnun, Nawa, Marwar 
Junction, Desuri, Sikar and Danta Ramgarh. These unit areas have 
reported 50,955.93 square kilometre i.e. 24.40 per cent of the total area 
which consists 48,85,856 persons i.e. 26.28 per cent of the total 
population. Ten unit areas fall in low vulnerability to desertification. 
These unit areas have reported 31,148.06 square kilometre i.e. 14.92 per 
cent of the total area which consist 27,41,373 person i.e. 14.74 per cent of 
total population. These unit areas are Lunkaransar, Kolayat, Bhinmal, 
Nagaur, Merta, Raipur, Sojat, Pali, Bali and Sri Madhopur. Whereas, only 
Bikaner tehsil falls in very low landuse vulnerability to desertification 
hazards. Bikaner reported an area of 9,306.21 sq.km. i.e. 4.45 per cent of 
the total area which consist 6,77,270 persons i.e. 3.64 per cent of total 
population (Ta^-55) . 
Cumulative View of Desertification Hazards 
Overall cumulative vulnerability is the most reflective composite 
indicator of desertification risks. This is a super-imposed representation, 
prepared by the summation of all the selected indicators of natural and 
human environments and vulnerability to desertification. Data of each 
desertification indicator for the seventy three tehsils of western Rajasthan 
were processed and mapped. Ultimately, to arrive at a composite index of 
desertification hazards, vulnerability rankings were cumulated. This 
cumulative map of vulnerability to desertification hazards by the 
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summation of all the selected possible indicators of physical, biotic and 
human environment give a composite impression of regional vulnerability 
to desertification. The present study reveals that the inherent vulnerability 
of land to desertification is very high to high along the western front. 
Jaisalmer, parts of Barmer, Bikaner, few tehsils of Ganganagar and 
Hanumangarh, few tehsils of Churu, and some parts of district Jodhpur 
and Parvatsar tehsil of district Nagaur, run a higher desertification risk as 
against the popular notion of greater desertification risk along the 
Aravallis in the east. It has been found that the western districts of the 
study area are highly vulnerable as compared to the eastern parts of the 
region. So there is an urgent need of planning for degraded lands, 
stabilization of sand dunes, Agro-forestry, Rehabilitation of degraded 
pasture lands and technology for improving the productivity along the 
western parts of the study area as against a popular notion of higher 
vulnerability of the eastern region along the gaps in the Aravalli Hills 
Region. 
The tehsil-wise breakup of cumulative vulnerability to 
desertification reveals the regional disparities and vulnerability levels 
within the desert. There are three contiguous tehsils of western Rajasthan 
which come under very high intensity of desertification risk (Table-34). 
These tehsils are Jaisalmer, Pokaran and Nokha covering an area of 42,197 
square kilometre i.e. 20.21 per cent of the total area of western Rajasthan 
which cover 8,42,611 persons i.e. 4.95 per cent of total population of the 
region. Another eighteen unit areas come under high category of 
desertification hazards. They can be seen on the map. These tehsils are 
Shiv, Baytu, Pachpadra, Lunkaransar, Bikaner, Kolayat, Sardarshahar, 
Taranagar, Rajgarh, Vijainagar, Sangaria, Pilibanga, Tibi, Phalodi, 
Jodhpur, Parvatsar, Shergarh and Osian. These tehsils have reported an 
area of 68,321.86 square kilometre i.e. 32.72 per cent of total area which 
consist 37,66,810 persons i.e. 22.14 per cent of total population. Twenty 
nine unit areas lie under moderate degree of intensity of vulnerability to 
desertification. These tehsils are Barmer, Chohtan, Siwana, Churu, Sri 
Dungargarh, Ratangarh, Sujangarh, Ganganagar, Karanpur, Sadulshahar, 
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Table-34 : Cumulative Vulnerability to Desertification 
Intensity 
Very High 
High 
Medium 
Low 
Vci> Low 
No of 
Tchsils 
03 
18 
29 
16 
07 
73 
A r c j in 
Sq. Km 
42,197 
68,321 36 
60,780 24 
26,640 49 
10,812 17 
208751 
%age of 
the total 
area 
20 21 
32 72 
29 11 
12 76 
5 17 
100.00 
Affected 
population 
82,611 
37,66,810 
57,38,949 
49,92,443 
1,67,0460 
1,85,865,36 
% of the 
total 
population 
4 95 
22 14 
33 73 
29 34 
981 
99.98 
Unit Areas 
Jaisalmer, Pokaran and 
Nokha 
Shiv, Baytu, Pachpadra, 
Lunkaransar , Bikaner, 
Kolayat, Sardarshahar, 
Taranagar , Rajgarh, 
Vijainagar, Sangaria, 
Piiibanga, Tibi, Phalodi, 
Jodhpur , Parvatsar, 
Shergarh and Osian 
Barmer, Chohtan, Siwana, 
Churu, Sn Dungaigarh, 
Ratangarh, Sujangarh, 
Ganganagar, Karanpur, 
Sadulshahar, Padampur, 
R a i s i n g h n a g a r , 
Anupgarh , Gharsana, 
Suratgarh, Hanumangarh, 
Rawatsar, Nohar, Bhadra, 
Ahore , Sanchor, 
Raniwara, Bhopalgarh, 
Jhunjhunu, Ladnun, 
Didwana, Nawa and 
Degana 
Jalore, Bilara, Chirawa, 
Khetr i , Nawalgarh, 
Nagaur , Merta, Jayal, 
Jaitaran, Raipur, Sikar, 
Danta Ramgarh, Sn 
Madhopur , Neem Ka 
Thana, Fatehpur and 
Lachchmangarh 
Bhinmal, Udaipurwati , 
Sojat, Pall , Marwar 
Junction, Ball and Desuri 
Source : Computed on Indicators of Natural and Human Environments 
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Padampur, Raisingh Nagar, Anupgarh, Gharsana, Suratgarh, Hanumangarh, 
Rawatsar, Nohar, Bhadra, Ahore, Sanchor, Raniwara, Bhopalgarh, 
Jhunjhunu, Ladnun, Didwana, Nawa and Degana. These tehsils have 
reported 60,780.24 square kilometre i.e. 29.11 per cent of the total area 
which consist 57,38,949 persons i.e. 33.73 per cent of the total population 
of western Rajasthan. 
There are sixteen unit areas of western Rajasthan which fall in low 
intensity of desertification hazards. These tehsils are Jalore, Bilara, 
Chirawa, Khetri, Nawalgarh, Nagaur, Merta, Jayal, Jaitaran, Raipur, Sikar, 
Danta Ramgarh, Sri Madhopur, Neem ka Thana, Fatehpur and 
Lachchmangarh. These unit areas cover an area of 26,640.49 square 
kilometre i.e. 12.76 per cent which consist 49,92,443 persons i.e. 29.34 
per cent population of Indian desert. Whereas, the remaining seven tehsils 
fall in the category of very low intensity of desertification hazards. These 
tehsils are Bhinmal, Udaipurwati, Sojat, Pali, Marwar Junction, Bali and 
Desuri. These areas in the south and south eastern region have the lowest 
vulnerability to desertification. These unit areas cover an area of 
10,812.17 square kilometre i.e. 5.17 per cent of the total area which 
consist 16,70,460 persons i.e. 8.91 per cent of the total population of 
western Rajasthan (Fig. 56). 
Combat Plan 
It has been recognised that the crucial problem of the Indian desert 
is pressure of human and livestock population on fragile ecosystems which 
endangers the sustainability of the region. Therefore, the problem of 
desertification needs an elaborate and effective combat plan. Some 
strategies have been envisaged for the development and management of 
arid lands in western Rajasthan. These include : 
i) Demographic Structure and Desertification Control, 
ii) Socio-Economic Strategies and Desertification control 
iii) Religious Ethics and Desertification Control 
iv) Techno-Engineering Construct and Desertification. 
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i) Demographic Structure and Desertification Control 
Population growth, demographic transition and the average family 
size are important parameters in the assessment of environmental 
susceptibility to deterioration. Man has been one of the most important 
and active agents of biotic interferences in the already weak and fragile 
ecosystems of the arid zone of Rajasthan. Over-exploitation of water 
resources, plant and wrong agricultural practices, over-use of land by man 
has disturbed lands, shrinking forest and eroded agricultural fields show 
the imprints of man's activities on his environments. These activities leave 
adverse impact on environment which lead to the degradation of vegetation 
and the diminution of crop production potential. The following points are 
enumerated : 
(i) The root cause of all the problems associated with the rapid growth 
of human population is the lack of education and social awareness. 
(ii) Due to increasing population of livestock stress on forage resources 
is also increasing. This forage deficit means degradation of grazing 
lands so there is more risk to degradation. 
(iii) The growth of population is relatively high, literacy rate is low, 
people are by and large traditional. So there is need to educate the 
people through environment sensitization programmes. 
(iv) Establishment of livestock management centres should be at tehsil 
level. 
ii) Socio-Economic Strategies of Desertification Control 
High stress of population on weak and fragile ecosystems, low level 
of literacy and lack of awareness of consequences of the misuse of the 
resources largely contribute to the desertification processes. Nomadism 
and migration of human and livestock population to escape from the harsh 
condition is the cause and also the consequence of vulnerability to 
desertification hazards. This situation needs a proper assessment, in order 
to combat desertification. 
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Some measures to combat desertification have been identified below: 
(i) People's participation at every stage of rehabilitation programme. 
Making desertification control, a people's own programme. 
(ii) Village panchayats (local self governing bodies) should be made 
responsible for involving local population in the rehabilitation and 
management of rangelands. 
(iii) Expansion of mass media 
(iv) Development of communication and transport system in the isolated 
areas of acute problem. 
(v) Establishment of local scientific, technological and administrative 
facilities. 
(vi) An effort should be made in order to remove the regional 
imbalances. 
(vii) Application of annual desert development programme should be 
organised at tehsil level. 
(viii) There should be a good service support to the farmers like credit 
and other institutional facilities should be made available. 
(ix) There is need to promote the tourism and village based cottage 
industry in order to reduce the dependency on the basic land 
resources for farming. 
(x) Emphasis should be given to livestock industry, which is better 
suited here and offers great employment opportunities. There should 
be a pasture land development at tehsil level. 
(xi) There is need to educate the inhabitants about the advantages of 
fuel-efficient chulhas (household ovens) and the harm they are 
doing to themselves by burning fuel. 
(xii) The study area needs peoples involvement their acceptance and their 
contribution through their working together with government 
agencies and NGO's. 
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(xiii) Introduction of horticultural crops which would stablise the crop 
productivity and which improve the economy of the study area. 
iii) Religious Ethics and Desertification Control 
There is a need to propogate the religion based conservation ethics in 
the consumption behaviour. Environmental and resource conservation 
drives should be religionjsly inspired. 
Both the developing and the deveJoped societies are at a Joss where 
there is a general tendency to ignore, undermine and oust the religious 
ethics of consumption, production, distribution and exchange from the 
living norms. Rural populations in the developing countries live closer to 
the religious norms. However, the religious norms towards environment 
and the landuse activities are not known to these people. These people 
adhere to the religious believes though they are not inspired to transplant 
them in their practical life. If the practical utility of religion is advocated, 
it would certainly help restore an equilibrium in the society as well as 
ameliorate the environment. The marginal lands vulnerable to 
desertification are scarcity area. Religion as a force can help restore the 
plant and animal life. Restraint consumption is the hall mark of the 
religious teachings. The rehabilitation of such teachings would prevent 
pollution and degradation of the environment. 
iv) Techno-Engineering Construct 
Techno-Engineering construct includes the following strategies to 
combat the desertification. 
(i) Introduction of new technologies for land-use practices in 
accordance with environmental viability. Social acceptibility and 
economic feasibility. 
(ii) Developed Agro-techniques, such as (a) Methods of reseeding, 
(b) Fertilizer use in pasture lands (c) Introduction of high yielding 
perennial grasses (d) Improved system of rainfed agriculture, 
(e) Improved crop rotation system (f) Efficient method of irrigation, 
(g) Method of soil protection against salinization and alkalinization. 
351 
(h) Effective schemes of integrated water for irrigation, Q) 
establishment of soil testing laboratory to maintain soil physical 
status, (k) Introduction of unconventional sources of energy, (1) 
Application of remote sensing, air-photo survey and ground survey 
for the assessment of natural resources. 
(iii) Improved silvi-pastoral system 
(iv) Rehabilitation of degraded pasture land : (a) Fencing of pasture 
land,(b) Moisture conservation,(c) Contour bunds, contour 
furrowing and contour trenches. 
(v) Improved Technology for Sand Dune Stabilization, Windbreaks, 
Shelter Belts 
(vi) Establishment of livestock development centres, 
(vii) Establishment of range land management centres at tehsil level. 
(viii) Regeneration of forest land. 
(ix) Stabilization of Sand Dunes. 
(x) Promotion of the development programmes to revive traditional 
techniques for combating desertification. Complementing them with 
existing innovations and to encourage the exchange of these 
techniques among the districts. 
(xi) Insects, pests and their control. 
(xii) Restriction on raising of high water requirement crops and change 
to modern methods of efficient irrigation. 
(xiii) Enhancement of groundwater recharge efficiency by surface water 
harvesting structures. 
(xiv) Plantation of trees (A. Senegal, P. Cineraria, T. Undulata, 
Hardiwikia binata and A. tortilis) and Grass (L. sindicus) on field 
boundaries for control of wind erosior^. 
(xv) Strong field bunding to support leaching salts. 
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(xvi) Growing salt-tolerant plants. 
(xvii) Digging deep pits for planting the trees. 
(xviii)Prevention of seepage losses from canals and field channels. 
(xix) Use of ground water for establishment and maintenance of perennial 
vegetation should be encouraged and exploitation of ground water 
should be avoided. 
(xx) Massive investment is required to combat desertification and cost 
effectiveness of the technologies should be evaluated taking long 
term benefits of resource conservation into consideration. 
(xxi) Ecologically suited and economically viable agro technologies 
should be opted. 
(xxii) Monitoring the status of soil nutrients. 
(xxiii)The risk of crop failure can be minimized in drought prone areas by 
adoption of alternate cropping strategies and by efficient utilization 
of rainwater. 
(xxiv) Techniques of soil moisture conservation should be implimented 
because they help in the control of wind erosion by increasing 
infilteration, reducing evaporation, terracing, controuring and 
mulching helps to conserve the moisture. Higher moisture status 
was observed with Cassia siamea. 
(xxv) The inland drainage area is most adversely affected in the Western 
Rajasthan. The conservation of groundwater resources and 
augmentation of recharge in the inland drainage areas need attention 
to maintain ecological balance in desert region of Rajasthan. 
(xxvi) Introduction of suitable tree species to provide shade and shelter for 
grazing animals during scarcity period. 
The invention of new technologies to the farmers would helping 
combating desertification/degradation of their agricultural lands and also 
in improving their productivity and socio-economic conditions. 
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C- Plan for Combating Desertification 
A suitable combination of techno-economic and social factors is 
important for proposing of desertification combat plan in western 
Rajasthan. 
In the land use management we generally consider the Economic 
Cost-Benefit Ratio. However, in the water starved fragile environments 
development options should necessarily consider the Cost-Benefit Ecology 
Ratio. 
Land use strategies in these areas should invoke an equilibrium 
between : (a) Social Acceptability of the development plan, (b) Economic 
feasibility, (c) Ecological sustainability. 
In this consideration a three tier Agro-Silvi-Pastoral land use plan has 
been envisaged to combat desertification in the water starved areas of the 
Indian desert. 
The development strategies for the desert lands have to equilibrate 
between : i) Short-term economic gains, ii) The long term ecological 
repercussions or sustainability. 
For ecological compatibility, agronomic preferences of water 
intensive crops should be restricted to only a few localised areas. 
In < 250 mm rainfall areas : (a) Prefer silvi pastoral system on deep 
soils, and (b) pasture development on shallow soils. 
For silvi cultural practices : (a) In < 250 mm rainfall area Acacia 
Senegal and Prosopis juliflora trees have been experimented more 
compatible to the vagaries of nature, (b) In > 250 mm rainfall areas 
Prosopis cineraria and Ziziphus mauritania trees have been found more 
conducive. 
For livestock husbandry : (a) < 250 mm rainfall areas are favourable 
for sheep rearing; (b) > 250 mm rainfall areas are favourable for goat 
rearing; and (c) > 500 mm rainfall areas bear threshold sustainability for 
the cattle rearing. 
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The areas with more than 400 mm of rainfall are good for crop so 
more emphasis should be given to crop then grass land and forest. In the 
eastern region the proposed crop husbandry is dominant because of higher 
sedentary population, land use culture and small land holdings size. In the 
western region the proposed forest cover is lesser because the 
sustainability is lower in meagre rainfall areas. 
The areas which experiencing rainfall in between 200-400 mm 
percentage area of grassland is more than it should be given more 
emphasis to manage the range lands and second priority should be given 
to crop and forest area. 
The rainfall less than 200 mm suggest that in the western Rajasthan 
predominant grass cover appears not only compatible with the natural 
environment, it will help transform large ownership land holdings (non-
viable for crop husbandry) into viable operational land holdings for grass 
and livestock husbandry. A grass revolution is a much sought after 
proposition to combat desertification in the water starved areas. 
SUMMARY AND CONCLUSION 
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Summary and Conclusion 
Regional Evaluation of Desertification Hazards in the Arid lands of 
Western Rajasthan reveals varying degree of environmental vulnerability 
to desertification in its spatial context. An account and assessment of 
several indicators which are the major causes of desertification hazards in 
the study have been incorporated. 
Fragility of ecosystems in western Rajasthan has been evaluated on 
the basis of several Meteorological, Topographical, Hydrographic, 
Edaphic, Biotic, Anthropogenic and Land use/Land cover indicators. An 
analysis of these Indicators, reveals that there is a regular gradient of 
increasing desertification hazards towards the western frontiers of the 
region due to a cumulative effect of the increasing environmental severity, 
rapid population growth and the intense biotic pressure of the livestock on 
the crop husbandry. 
Desertification hazards have been evaluated on the basis of 
cumulative representation of twenty six selected indicators of the physical, 
biotic and human environment. Cumulative vulnerability is a crucial 
composite index to represent to the desertification intensity. Data of each 
desertification Indicator for the seventy three unit areas of western 
Rajasthan were processed, classified and mapped. To avoid an element of 
bias all the factors were attributed equal weightage in the cumulative 
scoring. Although it might not reveal a true picture, yet it may furnish a 
relatively sceneries of desertification vulnerability. 
In order to assess the relative vulnerability of different environments 
in western Rajasthan vulnerability rankings were cumulated. 
The analysis of meteorological Indicators revealed that the average 
distribution of rainfall is Inadequate by varying degree in different parts 
of the region to render the westward lands increasingly vulnerable to 
desertification. Increasing westward vulnerability to desertification is in 
consonance with the rainfall gradient towards the west. In other words, 
there is an inverse relationship between the distribution of rainfall and 
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vulnerability to desertification. The mean annual rainfall shows a 
relatively high to very high rainfall in the eastern districts of Jhunjhunu, 
Jodhpur, Pali and Sikar, Desertification hazard, by this measure, is low to 
very low in the eastern margin of western Rajasthan. On the otherhand, 
mean annual rainfall is low to very low in, Banner, Bikaner, Churu, 
Ganganagar and Jaisalmer, and the desertification hazards is high to very 
high. There is a gradual and regular decrease of rainfall from 500 mm in 
the east to 100 mm in the west, to render the environment increasingly 
fragile. There is a positive correlation between rainfall variability and the 
desertification hazards. Higher the rainfall variability greater is the 
susceptibility to desertification. Rainfall variability is very high in most of 
the western tehsils of the study area, so there is higher desertification risk. 
On the otherhand, rainfall variability is relatively low in eastern tehsils. 
Correspondingly vulnerability to desertification is also very low in these 
unit areas. 
There is also a positive correlation between Aridity Indices and 
drought intensity with the susceptibility to desertification. Besides, the 
water-availability period also reveals the personality of the study area at 
different levels. Most of the western units have reportedly low to very low 
availability of the water. A large deficit in the water-balance also 
contributes to the fragility of the ecosystem. 
The analysis of the average wind velocity data also shows a positive 
correlation with the degradation of the land. Most of the western units 
recorded high to very high wind velocity. Therefore, vulnerability to 
desertification, on account of this indicator, is also high in these areas. 
These indicators demonstrate high to very high degree of desertification 
along the western tehsils of the western Rajasthan. 
Among the topographical Indicators relative relief has been taken in 
order to correlate the relief with the risk of degradation at different units. 
It has been observed that areas of lower relief such as plains have a higher 
risk to land degradation due to high terrestrial heating and intense aeolian 
activities as compared to areas of higher relief such as where the soil is 
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not as much under the pressure of ploughing. The areas of higher relief 
are more subjected to the seasonal erosion due to gravity induced runoff. 
The maximum percentage under rocky and stony wastes in the area shows 
the vulnerability to land degradation. Sand dune Intensity in the study area 
indicates the aeolian, erosional and depositional hazards. In western 
Rajasthan salinity hazards are also dominant at different tehsils and these 
areas have high to very high risk of degradation of the land. 
The hydrographic indicators in the study area reveal that Thar Desert 
is facing an acute water deficiency to maintain the natural ecosystems. 
Water resources are not only inadequacy but increasingly brakish towards 
the west. The western tehsils of the study area have great need of water 
harvesting to support and subsist the water inadequate of the weak natural 
ecosystems. Over a large part of the Indian desert agriculture is rainfed. 
Irrigation facilities are largely confined to the Indira Gandhi Canal 
Command area. So there is a need of good water management to feed the 
deficient areas. An area of saline water shows that most of the tehsils of 
the western margin have maximum percentage which is also a cause of 
vulnerability to desertification. An Indicator of ground water depth at 
different unit areas shows that the occurrence of brakish water is relatively 
high in shallower well as compared with the moderate to very deep wells. 
It has been observed that most of the shallower wells in western Rajasthan 
arc associated with the paleo-channels of the legendary saraswati. The 
Survey of India, Maps of 1;50, 000 scale show that most of the deep wells 
of permanent water table are found in western part of the study area as 
compared to eastern fronts. Whereas, few areas like Ganganagar and 
Hanumangarh run a higher risk of its own situation of water-logging, 
salinity, alkalinity, over cultivation, as well as marginalization. Therefore, 
most of the tehsils in western Rajasthan have higher vulnerability to 
desertification. 
The quality of ground water in western Rajasthan deteriorates with 
the decrease in precipitation towards north-west. Ground water in the 
study area is inherited by the diversity of quality problems. These saline 
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waters are a potential hazards to intensification of desert like conditions. 
The depletion of water in western tehsils is also triggering the 
desertification processes. 
Among the edaphic indicator, spatial distribution of effective soil 
depth holds a general concurrence with nature of relief and the history of 
fluvial deposition in western Rajasthan. Soil profiles in the study area are 
not very deep except along the buried channels. Shallow soil depth renders 
them highly susceptible to deflation as well as fluvial erosion. Thin soil 
cover has shown quick erosion losses on the steeper slopes in the eastern 
parts of the study area. 
Organic matter levels are also low in western Rajasthan. It acts as a 
binding agent in the soil. Most of the western margin have very low humus 
levels. Therefore, these areas are more vulnerable to desertification as 
compared to unit areas which have relatively higher humus levels on the 
eastern margins. 
Nitrogen concentration in the soils are generally meagre. It is due to 
high temperature which tends to dissipate nitrogen. Nitrogen in the soils 
of the desert holds a positive relationship with the incidence of rainfall 
and negative relationship with the thermal regime. Correlation has also 
been noted between nitrogen content and the soil texture. Soils of the 
eastern units have relatively better nitrogen contents and seem to be less 
vulnerable to desertification hazards. 
Soil texture characteristics also hold a close relationship with the 
vulnerability to desertification. The coarse sandy structureless soils are 
highly vulnerable to aeolian agencies of erosion. On the otherhand, soil 
with a relatively higher admixture of silt and clay contents are cohesive 
and therefore, resistant to the process of desertification. Most of the soils 
in western Rajasthan are aeolian in nature with coarse texture and weak 
structure which renders them highly vulnerable to desertification hazards. 
The soils where calcium concretion layer is very close to the surface 
are more susceptible to degradation as against those where hard pans of 
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lime are at considerable depth. The calcium concretion layers are more 
commonly found in the drier and arid areas towards the western margin of 
the study area. In this category also, the soils of western Rajasthan have a 
higher risk to desertification. 
The soil crust formation in western Rajasthan could be assigned to 
the inherent poverty in phosphorus. The phosphorus reserves are generally 
depleted in the arid soils of the western margin. Presence of phosphate 
gives strength to the soil and it helps to improve the hydraulic conductivity 
and organic matter contents. 
Salinity-Alkalinity indicates the presence of soluble salts in the upper 
horizon of the soil. Such soils have high pH value and are unfavourable 
for cultivation. The problem of salinity holds a concurrence with the 
aridity index. As the aridity increases westward salinity also increases. 
This renders the soils highly vulnerable to desertification. In the western 
tehsils of Rajasthan the microbial environment is very poor which renders 
the soil unproductive. Micro-organisms help in the breakdown and 
decomposition of organic residues and build up of soil humus. In Barmer, 
Bikaner, Churu and western parts of Jodhpur the loose structureless sandy 
soils have excessive aeration and limited moisture. In these areas thermal 
regime is intolerable. Consequently, the microbial activity is very poor. 
The soils remain non-cohesive and can easily be degenerated. 
Soil erodibility depends upon the inherent soil characteristics such as 
texture, structure, organic matter concentration and crust formation. Areas 
of sandy soils have high basic erodibility in western Rajasthan. 
Among the biotic Indicators the percentage of plant cover and number 
of plant species in a unit area are powerful expression of the 
environmental status. The depletion of vegetation cover and plant varieties 
indicates higher susceptibility to degradation. A negative correlation was 
found between the plant cover and vulnerability to desertification. Most of 
the tehsils of the study area have reported very low percentage of 
vegetative cover. Therefore, these areas have high to very high 
vulnerability to desertification. The pressure of livestock on pasture lands 
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have also been examined. It indicates that the lower density of livestock 
on the western front does not mean the lower vulnerability but risk is 
higher due to very poor grazing potential. The western frontier of the 
study area also reported very high variation in livestock population. This 
also has a positive correlation with desertification hazards. 
The tehsil wise break up of the land use/land cover data during 1981-
1995 have been analysed. These land use figures reveal the regional 
disparities and vulnerability levels within the desert. 
The maximum percentage under the category of uncultivable lands 
have positive correlation with vulnerability to desertification. High to very 
high decrease in area of uncultivable land shows that such areas have 
largely gone to the expansion of an irrigation. This also indicates that the 
land-use pressure is encroaching upon less suitable areas. The positive 
growth of uncultivable land shows adverse land use practices and poor 
resource management. 
Most of the western tehsils have reported higher percentage of 
culturable waste land. In this category, the hypothesis was that if the 
extent of culturable wastes has decreased it suggests the corresponding 
sign of marginalization. It shows that the land use pressure is growing on 
the already weak and fragile ecosystems which again is an indication of 
desertification. An increased area of culturable wasteland at different unit 
areas is suggestive of the situation where some dry farming areas have 
become economically redundant due to rising costs and uncertainties in 
competition with the remunerative irrigated areas which are more stable in 
the vicinity of the rainfed areas. Such redundant dry farming areas may 
have been reduced to culturable waste lands. 
Fallowing is largely associated with dry farming practices, a decrease 
in fallow land is a reflection of adverse land management. The decrease in 
fallow land associated with Irrigation farming would have been an 
indicator of improved land management. It was hypothesised that a 
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decrease in hectarage of fallow land is suggestive of marginalisation and 
therefore, it is an important indicator of land degradation. A positive 
growth of hectarage under this category shows the degradation of the land. 
Hectarage change in Net Sown Area indicates an inverse relationship 
with degradation of the land. In monoculture areas, where human control 
is less the risk to desertification is more. In the areas of positive growth of 
Net Sown Area overcultivation is dominant on the land of weak and fragile 
environment, the risk of vulnerability is more. 
In double cropped, Irrigated areas human control is of higher order, 
the areas are scarcely left unattended to the vagaries of nature. Therefore, 
the vulnerability to desertification would be marginal in such areas. In 
double cropped areas the size of land holdings is generally smaller. In 
smaller size of land holdings, very little land is left unattended or fallow. 
Thus the land is more actively under human control. This situation makes 
the land scarcely liable to desertification. 
A decreased hectarage in the grazing and pasture land is a clear sign 
of biotic pressure. It suggests that due to negative growth in the grazing 
and pasture land the livestock pressure would squarely increase (if coupled 
with the increase in livestock population). On the otherhand positive 
growth of an area provides more opportunity for grazing and covers larger 
area. There is a positive correlation with vulnerability to desertification 
hazards. 
Positive growth of Irrigated area is generally seen in good rainfall 
areas or along the Indira Gandhi Canal Command Area. In these areas, 
there is a sign of amelioration as well as deterioration of the land. In few 
areas there is a risk of waterlogging, salinity and alkalinity. So, again risk 
of desertification is higher. 
Hectarage change in Dryland Farming has been analysed through the 
growth in net sown area, and the hectarage change in the area sown more 
than once. In the areas of monocultural activities where human control is 
less the risk of desertification is high. In double cropped Irrigated areas 
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where human control is of higher order, the vulnerability to desertification 
would be marginal in such areas. 
Anthropogenic Indicators are an expression of the population 
distribution, population growth, population densities of various types such 
as Arithmetic density, Physiological density. Rural density and 
Agricultural density which demonstrate the state of human resource 
availability in terms of land management capability. Here, a two tier 
analysis of population have been made i.e. concept of underpopulation and 
overpopulation both are likely to accentuate desertification. Apart from it 
different categories of population densities were examined as human 
resource adequacy or paucity. 
The Arithmetic, rural, agricultural and physiological densities have 
been measured in different tehsils of western Rajasthan. District Jaisalmer, 
Bikaner, Churu, .lodhpur and Jalore have very low to low densities 
representing a state of under population. Therefore, the human resources 
are inadequate for a proper and effective management of the land. On the 
otherhand, Sikar, Jhunjhunu, Ganganagar, Pali and Nagaur have very high 
densities representing a state of over population. This situation also 
renders the land vulnerable to degradation through overuse than the lands 
are actually capable of sustaining. 
The increasing human population is serious threat, particularly on the 
meagre vegetal resources of the arid lands. The trees and shrubs and even 
their roots are indiscriminately cut by the rural population for domestic 
fuel. Thus, rendering the land vulnerable to erosion and degradation. 
Population distribution and density give an important insight in 
understanding the man-land ratio and the human resource availability. The 
high population density also leads to cultivation on the marginal lands 
which decline in crop productivity per unit area. The very low population 
density has also been a cause of desertification because land is not 
adequately taken care of in the years of natural calamity due to the paucity 
of human resources. Low population means human resources are 
inadequate to manage and protect the land from threats of desertification. 
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In both extreme cases, the susceptibility of land towards the desertification 
would be higher. A population growth on fragile ecosystem is also a 
serious problem. Most of the western tehsils reported very high growth 
rate of population which is more than a match to the sustainability of the 
land. 
An indicator of sex-ratio in western Rajasthan shows that the areas 
are economically under-developed because most of the male population 
emigrates to the urbanised areas. Hence, its ratio decreases. An indicator 
of Rural and Urban population includes a peculiar feature with respect to 
population density, degree of ethnic and cultural diversity and occupation 
and social stability. It has been analysed that nature of social group is 
totally different in the rural and urban areas of the region. 
Occupational structure is also an important indicator to measure the 
economic work force in the study area. Most of the western tehsils show 
higher percentage in primary occupation which reveals that region's 
economy is rural oriented and largely depends on agriculture and 
pastoralism. Pastoralism is the dominant activity in those places where the 
land, is not available for farming and water-scarcity is very severe. 
An indicator of work participation is very helpful to measure the 
dependency ratio. Most of the western units reported very high 
dependency ratio. Higher the dependency ratio higher is the vulnerability 
to desertification. 
The physiological density in the study area reveals higher pressure 
per unit area, particularly, over-cultivation of the natural resources. Most 
of the north and eastern parts reported high pressure on agricultural lands. 
Rural density of population has been taken to ascertain the adequacy 
or inadequacy levels of the human resources per unit area which would be 
a potential force to the cultivable lands as well as to other venues of land 
protection. The cultivable land comprises net sown area, cultivable waste 
land and fallow lands. This has been calculated by total rural population 
divided by total cultivable land. The high pressure of rural population on 
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cultivable land shows the risk of excessive use of land. So there would be 
higher vulnerability level. Most of the eastern tehsils of the study area 
reported very high density of population on cultivable land. 
Agricultural density has been measured in order to assess the 
agricultural landuse which has been calculated by total agricultural 
population i.e. cultivators and agricultural labourers divided by net sown 
area. The high pressure of agricultural population on cultivable land 
indicates the dependency ratio on net sown area. Most of the eastern 
tehsils recorded very high stress on land. This eastward increase of 
agricultural population per unit of cultivated land is due to good climo-
edaphic characteristics as compared to the western margin. In this way, 
high pressure of agricultural population on poor capability of cultivated 
land would be more alarming situation to meet the growing demand of 
food. 
Lastly, the cumulative map of vulnerability to desertification hazards 
by the summation of all the indicators of natural and human environments 
gave a composite impression of regional vulnerability to desertification. 
The present study reveals that the inherent vulnerability of land to 
desertification is very high to high along the western front in the districts 
of .laisalmer, Banner, Bikaner and a few tehsils of district Churu, as 
against the popular notion of higher desertification risk along the twelve 
gaps of Aravallis in the east. Medium vulnerability is noticeable in few 
tehsils of Ganganagar and Hanumangarh, parts of Banner, Churu, Nagaur 
and .lalore. Relatively lower vulnerability to desertification could be 
ascribed to parts of Jhunjhunu, Sikar, Nagaur in the northeast and Jalore 
and Pali in the south east. It has been found that the western districts of 
the study area are highly vulnerable as compared to the eastern parts of 
the region. 
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APPENDICES 
Appendix-I 
Mean Annual Rainfall and Co-efficient of Variation (1901-1980) 
Districts/Telisils 
Barmer 
Shiv 
Baytu 
Pachpadra 
Barmer 
Chohtan 
Gudhamalani 
Siwana 
Bikaner 
Lunkaransar 
Bikaner 
Kolayat 
Nokha 
Churu 
Sardarshahar 
Taranagar 
Rajgarh 
Churu 
SriDungargarh 
Ratangarh 
Sujangarh 
Ganganagar 
Ganganagar 
Karanpur 
Sadulshahar 
Padampur 
Raisinghnagar 
Anupgarh 
Gharsana 
VijaiNagar 
Suratgarh 
Mean Annual 
Rainfall (in mm) 
261.4 
207.4 
260.0 
257.3 
267.7 
228.0 
265.7 
343.7 
261.7 
237.1 
293.7 
246.0 
270.3 
361.6 
290.6 
299.4 
349.2 
366.3 
259.6 
360.8 
374.4 
239.3 
261.6 
240.0 
243.5 
202.4 
195.1 
194.3 
181.4 
194.2 
207.9 
Co-efficient 
of Variation 
(in %) 
60 
67 
60 
61 
58 
62 
57 
58 
54 
49 
55 
59 
53 
69 
49 
59 
44 
40 
48 
41 
49 
52 
46 
47 
47 
54 
56 
57 
58 
56 
52 
Contd., 
Districts/Tehsils 
Hanumangarh 
Sangaria 
Hanumangarh 
Pilibanga 
Rawatsar 
Tibi 
Nohar 
Bhadra 
Jaisalnier 
Buili 
Devikot 
Dewa 
Fatehgarh 
Jaisalmer 
Khaba 
Lathi 
Naukh 
Pokaran 
Ramgarh 
Jalore 
Ah ore 
Jalore 
Bhinmal 
Sanchor 
Raniwara 
Jodhpur 
Phalodi 
Shergarh 
Osian 
Bhopalgarh 
Jodhpur 
Bilara 
Jhunjhunu 
Jhunjhunu 
Chirawa 
Khetri 
Mean Annual 
Rainfall (in mm) 
277.3 
272.0 
265.6 
237.0 
281.3 
232.5 
296.7 
357.0 
148.2 
89.0 
151.8 
121.3 
173.2 
185.0 
155.3 
144.5 
184.2 
147.5 
130.5 
361.3 
302.6 
369.1 
413.1 
382.3 
339.4 
315.1 
263.0 
252.3 
270.2 
330.4 
351.4 
423.6 
469.9 
404.4 
408.6 
547.6 
Co-efficient 
of Variation 
(in %) 
47 
48 
49 
51 
47 
49 
44 
43 
69 
80 
73 
76 
61 
64 
71 
61 
64 
61 
76 
54 
54 
51 
51 
61 
56 
52 
53 
51 
52 
51 
53 
53 
36 
37 
46 
32 
Contd. 
Districts/Tehsils 
Nawalgarh 
Udaipurwati 
Nagaur 
Nagaur 
Merta 
Jayal 
Ladnun 
Didwana 
Nawa 
Parvatsar 
Degana 
Pali 
Jaitaran 
Raipur 
Sojat 
Pali 
Marwar Junction 
Bali 
Desuri 
Sikar 
Fatehpur 
Lachchmangarh 
Sikar 
Danta Ramgarh 
Sri Madhopur 
Neem Ka Thana 
Mean Annual 
Rainfall (in mm) 
401.0 
588.0 
364.2 
315.3 
406.7 
330.0 
342.7 
359.6 
468.4 
389.0 
302.0 
476.3 
368.7 
437.3 
454.3 
419.5 
483.1 
552.4 
619.1 
441.1 
347.5 
386.0 
429.9 
454.0 
501.5 
528.2 
Co-efficient 
ofVariation 
(in %) 
37 
30 
48 
53 
46 
52 
51 
43 
45 
45 
47 
47 
47 
53 
55 
45 
42 
44 
45 
39 
42 
41 
40 
39 
36 
34 
Source : India Meteorological Department, Pune. 
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Appendix-V 
Aridity Indices (1901-1980) 
Districts 
Barmer 
Bikaner' 
Churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunjhunu 
Jodhpur 
Nagaur 
Pali 
Sikar 
MAR 
(mm) 
282 
291 
366 
255 
186 
381 
387 
369 
328 
397 
467 
MAPET 
1958 
1772 
1580 
1662 
2063 
1561 
1562 
1843 
1639 
1650 
1503 
MAWD 
1676 
1481 
1214 
1407 
1877 
1180 
1175 
1474 
1311 
1253 
1036 
MAAI 
84.822 
83.577 
76.855 
84.657 
90.981 
78.592 
75.224 
79.978 
79.793 
75.939 
68.928 
Source : India Meteorological Department Pune. 
MAR = Mean Annual Rainfall 
MAPET = Mean Annual Potential Evapo-transpiration 
MAWD = Mean Annual Deficiency 
MAAI = Mean Annual Aridity Index 
Appendix - VI 
Drought Occurrence (1901-80) 
Districts 
Barmer 
Bikaner 
Churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunjhunu 
Jodhpur 
Nagaur 
Pali 
Sikar 
Moderate 
16 
13 
21 
15 
10 
17 
16 
24 
16 
15 
20 
Long 
13 
20 
10 
8 
22 
13 
11 
15 
12 
11 
12 
Severe 
8 
9 
9 
4 
7 
8 
10 
6 
8 
6 
9 
Disas-
trous 
2 
2 
2 
-
3 
3 
2 
1 
1 
3 
2 
Drought Free 
42 
37 
34 
27 
39 
40 
35 
35 
44 
38 
38 
Percentage 
48.75 
55.0 
52.5 
33.75 
52.5 
51.25 
48.75 
58.75 
46.25 
43.75 
53.75 
Source : India Metorological Department, Pune. 
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Appendix-IX 
Live Stock Population (1995) 
Distncts/Ichsils 
Banner 
Shiv 
Baytu 
Pachpadia 
Baimer 
Chohtan 
Gudhamalani 
Siuana 
Bikaner 
Lunkaiansar 
Bikanei 
Kolayat 
Nokha 
Cliuru 
Saidarshahar 
Taianagar 
Raigaih 
Churu 
SriDungargarh 
Ratangarh 
Sujangarh 
Ganganagar 
Ganganagar 
Karanpur 
Sadulshahar 
Padampui 
Raisinghnagar 
Anupgaih 
Glial Sana 
Vijai Nagar 
Sural Garh 
Hanumangarh 
Sangaria 
Hanumangarh 
Pilibanga 
Rawatsar 
Tibi 
Nohai 
Bhadia 
Jaisalmer 
Jaisalmer 
Pokaran 
Area 
(in sq km.) 
28387 
6616 32 
3045 42 
3458 27 
4340 24 
4992 11 
3975 81 
3045 42 
27244 
6378 70 
9306 21 
7945 78 
3796 36 
16830 
3852 02 
1811 17 
2201 70 
1599 69 
3003 14 
1699 70 
2694 52 
10977 
986 38 
818 87 
770 31 
842,87 
1315 86 
1149 35 
1382 44 
836 07 
2825 10 
9657 
658 48 
1232 39 
991 39 
1877 82 
743 96 
246 22 
1736 92 
38401 
28879 32 
9521 49 
Total 
Population 
3157343 
476801 
390256 
368089 
511614 
694247 
468169 
248172 
2006832 
422247 
913215 
335435 
335945 
1678021 
292401 
153776 
215080 
193552 
254489 
213606 
350117 
1239097 
162363 
110264 
97276 
101202 
141648 
127382 
142439 
106443 
247580 
1125067 
72480 
148310 
97930 
129205 
94315 
310415 
119207 
1365886 
764037 
601849 
Density 
(Livestock 
per Sq.km) 
111 
72 
128 
106 
118 
139 
118 
81 
74 
66 
98 
42 
88 
100 
76 
88 
98 
121 
85 
126 
130 
113 
165 
135 
126 
120 
108 
111 
103 
127 
88 
117 
110 
120 
99 
69 
127 
126 
88 
36 
26 
63 
Variation 
in Livestock 
Population 
(1977-95) 
-2.31 
+ 13 83 
+6 85 
+5 18 
-50 57 
+39 03 
-3 28 
^ 8 3 9 
+30 73 
+30 18 
+ 11924 
-19 70 
-10 73 
+6.57 
+ 1 44 
+ 13 29 
-3 22 
+8 36 
+ 16 50 
+ 1 43 
+ 10 70 
-24 69 
+ 12 17 
-1 24 
+24 90 
+4 31 
+24 60 
-26 02 
+26 76 
+ 17 14 
+4 04 
+10 30 
+23 10 
+4 88 
-10 13 
+24 16 
+5 09 
+ 1537 
+5 20 
+5 03 
- 3 65 
+ 1861 
Contd 
Disti icts/Tchsils 
lalorc 
Ahoie 
Jaloie 
Bhinmdl 
Sdiichoi 
Raniwaia 
Jodlipiii 
Phalodi 
Sheigarh 
Osian 
Bhopalgaih 
lodhpur 
Bilaia 
Jhunjhunu 
Jhun|hunu 
Chiiawa 
Khetii 
Nawalgarh 
Udaipuiwati 
Nagaur 
Nagaui 
Meita 
Jayal 
Ladnun 
Didwana 
Nawa 
Parvatsai 
Degana 
Pah 
Jaitaian 
Raipui 
So|at 
Pah 
Maiwai Junction 
Bah 
Desuri 
Sikar 
Fatehpur 
Lachchmangarh 
Sikai 
Danta Ramgarh 
Sii Madhopui 
Neem Ka Thana 
Area 
(in sq.km.) 
10640 
1859 96 
2246 87 
2460 53 
3016 80 
979 86 
22850 
7657 65 
3182 88 
3502 94 
2427 87 
3509 49 
1653 27 
5928 
1623 89 
1301 08 
1459 59 
685 45 
846 75 
17718 
4707 92 
2297 28 
2081 16 
1257 50 
1646 77 
1521 86 
2223 31 
1906 47, 
12387 ". 
1376 20 
1082 22 
1677 55 
168021 
1403 07 
1439 80 
1304 26 
7732 
1070 70 
1218 93 
151534 
1378 19 
1378 07 
1188 22 
208751 
Total 
Population 
1689594 
328652 
407104 
426431 
342718 
184689 
2777947 
628868 
490050 
466764 
357590 
528151 
306524 
1178840 
220818 
262973 
267425 
205746 
221878 
2803771 
588562 
364839 
263980 
206699 
273526 
318940 
455710 
331615 
2006179 
279487 
207076 
315640 
404794 
-
362096 
277360 
1501647 
187759 
218332 
288995 
269174 
274119 
263268 
22530224 
Density 
(Livestock 
per Sq.km) 
38 
177 
181 
173 
114 
188 
122 
82 
154 
133 
147 
150 
185 
199 
136 
202 
183 
300 
262 
158 
125 
159 
127 
164 
166 
210 
205 
174 
162 
203 
191 
188 
241 
-
251 
213 
194 
175 
179 
191 
195 
199 
222 
108 
Variation 
in Livestock 
Population 
(1977-95) 
+22.83 
+21 68 
+22 83 
-8 20 
+33 87 
4 11 43 
+ 13.73 
+ 1021 
+ 1 05 
-9 49 
+5 04 
-31 77 
-34 82 
+21.70 
-11 16 
-31 71 
+31 71 
+7 88 
-21 20 
+18.21 
+6 0 
+35 51 
+ 1 84 
+8 22 
+7 09 
-54 92 
+29 64 
+ 1741 
+ 1.16 
+30 69 
+9 15 
+ 1073 
-1 16 
-
-9 86 
+ 1028 
+10.32 
+9 02 
-0 03 
+4 83 
+8 40 
+6 59 
+ 19 63 
Source : Directorate of Animal Husbandary Jaipur, Rajasthan 
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PLATES 
Plate No. 1 : A clearerviewofaninterdunal pain whose survival is thxatened 
by advancing barkhans from both the sides.Sam area, Jaisalmer 
district. 
Plate No. 2 : Aclose-up view of an utterly treeless, active Barchan in Sam 
area, Jaisalmer district. 
Plate No. 3 : Sand dunes advancement 
Plate No. 4 : A vast tract of wateilcss, treeless desert in Kola>at tehsil, 
Bikaner district. 
Plate No. 5 : A visible process of desertification by the advancing Barkhan 
dunes on the poor grade pasture lands in Kolayat tehsil of 
Bikaner district. 
Plate No. 6 : An inter-dunal plain in the far-left background in a process of 
shrinking by the two arms of the active sand duens in north 
western part of Jaisalmer district. 
Vii 
Plate No. 7 : A formal grave of a fossilized wood log of a metre trunk with 
1.5 metre girth. This fossilized trunk in the Akal fossil wood 
park in Jaisalmer district reminds its luxurient past although 
the present in arid waste. 
Plate No. 8 : A close-up view of the fossil wood. 
Plate No. 9 : A view of the fossilized forest parkin the most aridJaisalmer 
district. Tall and sturdy forest trunks of lower Jurassic period 
(1,80,000,000 years ago) bemoaning the glorious vegetative past 
of an utterly barren and deserted pavements. 
Plate No. 10 : The regeneration of vegetation on the protected Acaccia Arabica 
land in Jodhpur tehsil of the district Jodhpur. 
I Nw 
Plate No. 11 : Poor range lands in Pokaran tehsil of Jaisalmer district. Cattle 
overgrazing in the background and an abandoned drought 
prone field of dry farming area. 
Plate No. 12 : A view of current fallow farm in dry farming areas during the 
years of below normal rainfall. Once stripped of their protective 
vegetation cover and ploughed in anticipadon of good rainfall, 
such areas are promptly susceptible to desertification in Tehsil 
Bilara district Jodhpur 
Plate No. 13 : Highly saline depressions of this kind are numerous at many 
places. This one in Jaisalmer is used as a cricket field by the 
village children, even in the remotest part of the arid zone. 
Plate No. 14 A dry lake near the Jaisalmer city, 
Plate No. 15 : Where undergrowth and the Grasses are scanty, The Acacia 
Arabica provides a dependable sustenance to goats and the top 
feed to the camel Bilara tehsil of Jodhpur district. 
Plate No. 16 : Gravelly Waste in the foreground and fallow land in the middle 
in the dry farming areas of Pokaran tehsil, Jaisalmer district. 
Plate No. 17 : A distibutory of the Indira Gandhi canal is perodically dredged 
out. It has been the work of the nature as well as tlie vested 
interest of the dredging contractors that such scenes are at many 
places all along the Command Area. 
Plate No. 18 ; Another view ofan abandoned sub-distributory due lo the lack 
of protective tree plantations along its banks. Active sand dunes 
have readily taken over in Mohangarh area, Jaisalmer district. 
Plate No. 19 : Water scarcity right at the start of the summer season ^ender 
the women fetch 20 to 25 litres water overheads for 2 to 4 
kilometers of distance at many places on the western front. 
Plate No. 20 : A badly drought - striken crop in a run-off depressioi in the 
centre of scene. 
Plate No. 21 : The Greening of the horzon alongji distrbutory in the Indira 
Gandhi Canal Command Area in Mohangarh area of district 
Jaisalmer. 
Plate No. 22 : An electric pole is guarded upto tvvc feet of height by stones to 
prevent the coarse sand and gravels corrode it, durng the 
sandstorms. Such scenes are common throughout. 
Plate No. 23 : Yet another view of a degraded pasture at the initial stage of 
the long, dry summer in Bilara tehsil, Jodhpur district. Even a 
bare survival of the livestock would be in jeopardy when the 
summer would be at the advance stage. 
Plate No. 24 : Livestock pressure on the moderate quality range land, Jaitaran 
tehsil district Pali. 
Plate No. 25 : Another view of cattle rearing on the degraded lands. Water 
use efficiency and per unit productivity of cow is much lower 
as compared to goats. Hence, cow is not compatible to the arid 
environments vulnerable to dcser:ificatiDn in Bilara tehsil, 
Jodhpur district. 
Plate No. 26 ; A poor-grade pasture in April, at t.ie onset of a prolonged hot, 
dry, scorching summer in Bilara tehsil of Jodhpur district. 
Plate No. 27 : Although this field is an Irrigated area, the old fallow with cart 
tracks and peck-trac marks in the foreground is highly 
vulnerable to desertification in Jaitaran tehsil of district Pali. 
Plate No. 28 : Cattle rearing on the marginal lands. Cattle rearing is 
incompatible to the arid environment of the vulnerable lands 
Baytu tehsil district Barmen 
Plate No. 29 : The Aravalli foothills shewing potentials of vegetation 
regeneration if grazing is controlled. Tehsil Jaitaran, district 
Pali. 
Plate No. 30 ; The Aravalli ranges with Acacia plantations to check run-off 
induced losses. A step in controlling desertification in Jaitaran 
tehsil, Pali district. 
Plate No. 31 : An expriment field to protect the crop rows between them 
(Central Arid Zone Research Institute, Jodhpur) 
Plate No. 32 : The expernientation farms at the Central Arid Zone Research 
Institute, Jodhpur to facilitate afforestation as well horticultural 
plantation in the acute water scarcity areas. 
